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ORIGINAL PAPERS 


INVESTIGATION ON ENAMEL CLAYS! 


By V. W. Borxer 


ABSTRACT 

Functions of clay in enameling and requirements of enamel clays are enumerated. 
The investigation deals with twelve representative enamel clays, which were examined 
for water of plasticity, drying shrinkage, modulus of rupture and properties when fired 
to 1000°C. Using these clays in enamel slips, viscosity, suspension test, and hydrogen- 
ion concentration by the indicator method were run. Fineness test, petrographic 
examination and chemical analyses were made on the clays. They were then tested in 
a cover coat enamel, subjecting the test pieces to impact test and thermal shock. The 
results of all the tests are summarized and conclusions drawn therefrom. 


Introduction 


The purpose of this investigation was to find the relation between 
the properties of several clays and their action in the enameling of 
sheet metal processes, and if possible, to establish a uniform and 
practical test for determining the suitability of clay for such a use. 


Functions of Clay in Enameling 


7 addition of clay to enamels serves several purposes, namely: 
. To introduce alumina with silica. 


i This material was gathered in connection with the preparation of a thesis to fulfil 
the partial requirements for the degree of Bachelor of Science in Ceramic Engineering 
University of Illinois. Recd. April 27, 1926. 
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2. As a floating agent to hold the non-plastic material in suspension; 
without such an addition the non-plastic would settle rapidly in 
dipping tanks. 

3. To give the enamel slip the proper viscosity to prevent it from 
flowing excessively on inclined surfaces after dipping. This is obviously 
very necessary, inasmuch as the sheet metal is non-absorbent. 

4. To serve as an adhesive, whereby the non-plastic particles will 
adhere to the metal shapes after drying before firing. A high degree of 
adhesion is absolutely necessary because of slight shocks and abrasions 
to which the dipped articles are subjected, notwithstanding the great 
care which is taken in protecting the same. , 

5. A portion of the clay enters into chemical reaction with the 
enameling batch and according to Grunwald it promotes chemical 
reactions with various metallic oxides and the silica. The portion of 
clay which is not taken into solution as well as that which goes into 
solution acts in a general way as a refractory, affording a convenient 
means for control of this property of the enamel. 

6. The undissolved and finely divided clay in suspension contributes 
to the opacity of the enamel. 

7. The alumina in clay is found to increase the tenacity and viscosity, 
and also to minimize the injurious effects of too rapid cooling. Landrum 
states that the addition of clay adds to the stretching qualities of 
enamel coatings which he explains as due to “the infusibility of clays, 
which property keeps it from entering into complete combination 
with other material. Instead, it holds apart the glass mass with which 
each particle of clay is surrounded during the contraction of the steel 
and allows it to pull away from it without chipping when expanded.” 


Requirements of Enamel Clay 


Our knowledge of the requirements to be met by clay suitable 
for use in the preparation of enamel is not satisfactory. J. B. Shaw,! 
has made a comparison of several enamel clays with reference to their 
capability of floating enamel frits. H. F. Staley? has enumerated some 
of the requirements which should be met by a clay selected for such‘a 
purpose. These properties have to do with the following: color, 
plasticity, purity, with respect to freedom from oil, carbonaceous 
matter, etc. 

Grunwald in “‘Raw Materials of the Enamel Industry”’ has stated 
that the composition of the best clay for such a purpose should lie 


within the following limits: 51-55% silica, 31-34% alumina and 


1 Trans. Amer. Ceram. Soc., 19, 339 (1917). 
2 Bur. Stand., Tech. Paper, No. 142. 
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iron content less than 1% with complete absence of calcium carbon- 
ate. Also, he states that the behavior of clay when heated to the 
firing temperature is of im- joe 
portance. 


Materials 600 
In considering what clays to 
study in this investigation it ° 
was thought advisable to in- 


being used in the enameling in- 
dustry, in order that no time 
should be wasted in testing unsuitable materials. 

The clays selected here are fairly representative of almost every 
kind of clay used in enameling. Each clay is here given a number and 
will always be referred to by that number throughout this discussion. 


Fic. 1. 


No. 1.—Special enamel “‘A”’ clay No. 7.—“E.B.”’ clay 

No. 2.—Special enamel “B”’ clay No. 8.—‘‘V”’ clay 

No. 3.—Special enamel “brown” clay No. 9.—“‘C.C.” clay 

No. 4.—Clay from Anna, Illinois No. 10.—‘‘O”’ clay 

No. 5.—Clay from Mayfield, Kentucky No. 11.—German enameler’s fat clay 
No. 6.—‘‘F”’ clay No. 12.—English clay 


For the purpose of getting useful results typical commercial enamel 
frits were used. These frits, for both ground and cover coats, were 
produced under normal operating conditions in a plant smelter. 

The steel was one of the better grades of sheet steel commonly used 
in commercial practice. 


Experimental Work 


Throughout this’ investigation it was constantly kept in mind that, 
in order to get useful results, only such tests could be employed as 
could easily be reproduced in a plant laboratory. The tests were, 
therefore, conducted in the most simple manner possible and with a 
minimum amount of special laboratory equipment. 

Wherever possible the tests were carried out according to the 
standard methods of the AMERICAN CERAMIC SOCIETY. These methods 
will merely be referred to later but will not be discussed in this paper; 
however, in any case not covered by some standard, or where a more 
direct and less complicated method than the standard was thought to 
be desirable, the experimental method will be discussed in more detail. 
The clay as received was run through a small jaw 
crusher and then through a set of smooth rolls, which 
were adjusted to reduce the size of the clay particles to approxi- 


Preparation 
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24 - 
Be — mately 20-mesh. The 
20 = pulverized material was 
3 | then very thoroughly 
> 164+ | mixed and a small sample 
> 
2 taken for chemical analy- 
94 sis. 
716) cluded an 
& p= water of plasticity, dry- 


10 20 30 40 50 $0 #70 «2498 ulus of rupture. The 


results were as follows: 
PIG. 
TABLE | 
CLay TEsTs 
Av.modulus Av. water Av. drying Av. modulus Av. water Av. drying 
Clay. no. of rupture of plasticity shrinkage Clay no. of rupture of plasticity shrinkage 
(Ibs./sq.in.) (% dry wt.) (% dry vol.) (Ibs./sq. in.) (% dry wt.) (% dry vol.) 
1 194.5 42.3 33.89 7 267 .2 41.2 29.8 
2 176.1 34.8 23 .8 8 192.5 22.9 35.1 
3 270.9 41.9 33.1 9 66.8 37.4 13.9 
236.6 41.3 10 126.5 43.5 
5 200 .3 so.3 27.1 11 285.4 7 30.7 
6 284.2 24.4 39.5 12 356.4 35.6 32.9 


It was deemed advisable to investigate the properties of these clays 
when fired to a temperature of 1000°C. This represents about the maxi- 
mum temperature to which these clays are subjected in commercial 
practice. 

The test pieces used in drying shrinkage and modulus of rupture 
tests, after thorough drying were placed in a small laboratory gas-fired 
muffle furnace and fired as shown in the graph in Fig. 1. Every 
precaution was taken to get an even distribution of heat so that each 
test piece would get the same heat treatment. Several thermocouples 
placed within the stack of test pieces served as a constant check on the 
temperature and a guide to regulate the heat distribution. 

After cooling, the pieces were carefully inspected and their firing 
shrinkages and porosities were determined. The results were as follows: 


TABLE IIT 
Av. firing shrinkage AV. apparent Av. firing shrinkage Av. apparent 
Clay no. % dry vol.) porosity at 1000°C Clay no. (% dry vol.) porosity at 1000°C 
1 ‘a:2 42.1 7 10.5 42.3 
2 6.2 38.0 8 8.8 34.6 
3 13 2 40.7 9 8.9 43.6 
+ 13.4 37.1 10 18.4 42.3 
5 6.4 37 .6 11 9.9 29.6 
6 14.3 35.4 12 29.6 33.0 
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General Condition and Color of Fired Test Piece _Remarks 


No. 1.—Slightly cracked. A dirty white with a slight tinge of pink. 

No. 2.—A good white. Safe firing conduct. 

No. 3.—Safe firing. A decided pink color. 

No. 4.—Slightly cracked. A dirty white. 

No. 5.—Safe firing. A good white. 

No. 6.—A few large cracks developed. A dirty white with a tinge of brown. 

No. 7.—Safe firing. A fair white. 

No. 8.—Safe firing. Dirty gray or buff color. 

No. 9.—Many long cracks developed. A fairly good white. 

No. 10.—Many long cracks developed. Almost a pure white with a slight tinge of 
pink. 

No. 11.—Safe firing. Buff color. 

No. 12.—Safe firing. Almost a pure white with a slight tinge of pink. 

The enamel slip used in this determination consisted of 
100% frit, which had been ground to pass an 80-mesh 
screen, 10% clay and 63.5% water. No flocculating agent was used. 
The materials were weighed, placed in pint jars and tightly sealed. 
These were then placed in a shaking machine and run for a period of 
four hours. At the end of this time all the mixtures had been worked 
into good smooth slips. 

Exactly 100 cc. of each of these slips was run through a constant 
flow viscosimeter with a ,;-inch opening, and the time required for 
this accurately noted. The viscosimeter itself was standardized against 
pure water at 15°C. The results are shown in the following table: 


Viscosity 


TABLE III 
RELATIVE VISCOSITY 
(Water = 1) 


Clay no. Sp. gr Viscosity Clay no Sp. gr Viscosity 
1 1.46 1.54 7 1.63 1.81 
2 1.61 68 .0 8 1.63 2.48 
3 1.63 1.79 9 1.61 1.89 
4 1.51 10 1.89 
5 1.59 1.80 11 1.62 2.34 
6 1.56 1.86 12 1.57 1.45 


In order to determine how the clays would act when 
used to hold the frit in suspension in the enamel slip 
for a period of time, exactly 100 cc. of each of the slips prepared under 
“viscosity test’’ were poured into a weighed 100 cc. graduated cylinder, 
and let stand undisturbed. The amount of clear water and the amount 
of cloudy clay slip above the blue enamel mixture were noted at fre- 
quent intervals until the total amount of settle had become constant 
in all of the tubes. This required a period of eighty-one hours. 

Figure 2 shows the results of this test graphically in terms of the 
total amount of settle. 


Suspension Test 
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TABLE IV 
SUSPENSION TEST 
Clay No. (in % vol. cc.) 


Time % by 1 2 3 4 5 6 .- +2: » 10 i 12 
inhrs. vol. 
15 H,O - - 1 - 1 1 - 
Clay - - 22 - - - - 
11 HO 3 3 2 1 3 1 2 1 11 6 1 
Clay - - 20 1 19 1 3 - - - 13 3 
20 HO 5 4 4 1 9 2 2 - 12 9 3 2 
Clay - - 18 1 18 1 4 1 - 12 2 
25 HO 5 4 4 1 5 3 2 - 12 10 3 2 
Clay - - 18 1 18 1 4 1 - - 12 2 
35 HO 7 4 5 2 6 4.5 3 - 12 10 | 4 
Clay - 18 1 17 4 1 12 2 
43 HO 8.5 4 5 3 7 4.5 3 - 12 10 3 4 
Clay - - 18 1 16 Ss | 1 ~ 12 3 
49 HO 9.5 4.5 5 4 7 6 4 - 12 10 3 4 
Clay - - 17 1 16 - 3 1 - ~ 12 7.2 
65 H,O 10 4.5 6.5 4 to FF 4 1 12 10 3 A 
Clay - 16:35 1 .5 = 3 1 12 
81 H.O 10 4.5 7 + 8 7 4 1 12 10 3 6 
Clay - _ 16 1 15 - 3 1 - 12 2 


The ability of the clay to hold the non-plastic particles 
of the enamel frit in suspension is largely governed 
by the amount of flocculation or deflocculation of the 
clay particles. It was thought that the degree of dispersion of the 
clay particles was dependent upon the degree of acidity or alkalinity 
of the slip, and that, therefore, the hydrogen-ion concentration would 
be a governing criterion of the clay’s suspending power. 

The indicator method was selected for this determination as it does 
not require the use of any special or complicated equipment. Other 
distinctive advantages of this method are the ease and rapidity with 
which the approximate ion concentration of a solution may be measured. 
The method used was that of Michaelis and Geymant as given in 
Clarks “‘Determination of the Hydrogen Ion.” 

The stock solutions used were as follows: 


Hydrogen-ion 
Concentration 


. 2, 4 dinitro phenol 0.05% aqueous solution 
. 2, 5 dinitro phenol 0.025% aqueous solution 
. p-nitro phenol 0.1% aqueous solution 

. m-nitro phenol 0.3% aqueous solution 


m Ww 


To test tubes of the same diameters was added seriatim the volumes 
of the indicator solutions given in the following tables, the indicator 
solutions being prepared by diluting the stock solutions (given above) 
ten times with soda solution. 
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m-nitro phenol 


Tube number 1 2 3 4 5 6 7 8 9 
Cc. of indicator 5.2 4.2 3.0 2.3 rs 1.0 0.66 0.43 0.27 
pH 8.4 8.2 8.0 7.8 7.6 7.4 4.2 7.0 6.8 
p-nitro phenol 
Tube number 1 2 3 4 5 6 7 8 9 
Cc. of indicator 4.05 3.0 2.0 1.4 0.94 0.63 0.4 0.25 0.16 
pH 7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 
2, 5 dinitro phenol 
Tube number 1 2 3 4 5 6 7 8 9 
Cc. of indicator 6.6 5.2 4.5 3.4 2.4 1.65 1.1 0.74 
pH 5.4 5.6 5.0 4.8 4.6 4.4 4.2 4.0 
2, 4 dinitro phenol 
Tube number 1 2 3 4 5 6 7 8 9 
Cc. of indicator 6.7 S.7 4.6 3.4 2.5 0:78 0.51 
pH value 4.4 4.0 3.8 3.6 3.4 3.0 2.8 


The value of pH is equal to the negative log of the hydrogen-ion 
concentration. The test tubes were sealed with paraffined corks and 
when not in use were protected from direct light. 

Twenty-five grams of each clay and 50 cc. of water were placed in 
large test tubes and the mixtures agitated until all of the clay was in 
suspension, and then allowed to stand for a few days until the clay 
settled. The supernatant liquid was decanted through a filter paper 
to get an absolutely clear solution. 

This did not work successfully, however, in all cases. After standing 
one week the slip made up with clay No. 5 showed no clear water on 
top of the clay. All attempts to obtain a clear solution by means of 
filtration failed. A clear solution was finally obtained by passing the 
slip through a high speed centrifuge several times. In the slip made up 
with clay No. 12, the clay settled to the bottom of the tube after a few 
days, but the supernatant liquid would not filter to a clear solution. 
Here, again the centrifuge was successful in removing the colloidal 
matter in the solution. 

To six cc. of the clear solutions obtained from the clay slips one cc. 
of the indicator solution was added and the solution compared with 
the standards given below. 


HYDROGEN-ION CONCENTRATION 


Clay no. pH Clay no. pH 
1 6.0 7 6.0 

2 4.4 8 4.0 

3 4.2 9 6.2 

4 6.5 10 6.4 

5 5.8 11 6.6 
4.0 12 6.4 
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No attempt was made in this investigation to determine 
by elutriation the actual size of the clay particles. 
A screen test was run to determine the kind and amount 
of the impurities contained in the clay. It was found that most of the 
impurities in these clays were extremely small in size, so to save time 
only one screen was used. One hundred grams of the dry clay were 
placed on a 300-mesh screen and thoroughly washed with water. All 
the clay particles were thus washed through the screen while the 
coarser grained impurities were retained. This residue was examined 
and weighed after drying to constant weight at 110°C. 


Fineness of 
the Material 


FINENESS TEST 


residue 
Clay no on 300-mesh Residue 

1 0.35 Fine dark sand. Few small chips of carbonaceous material 

2 5 Very fine. Seemingly pure quartz 

3 Pe Fine dark sand. Few pieces (about } in. diameter) of quartz 
4 iS Fine dark sand. Few pieces (} in. diameter) of an opal-like 

mineral 

5 ay Fine dark sand with few small particles of lignite or coal 

6 1.42 All fine sand 

7 9.4 Some fine dark sand. Mostly black, coal-like material 

8 8.6 All very fine sand 

9 0.45 Some fine sand. Mostly very fine mica (flaky) 
10 1.95 Some fine white sand. Mostly very fine mica 
11 3 Fine, dark sand 
12 1.45 Fine sand. Few small particles of carbonaceous material 


Report of Petrographic Examination of Certain Clays Made 
by the Bureau of Mines' 


No. 2. Composed of quartz clay aggregates carrying a little sericite and a few tiny 
rutile needles. The quartz is finely divided. Other accessory minerals are rare. 
Similar to No. 12. 

No. 3. The coarse separate shows considerable variety of associated minerals such as 
hornblende, tourmaline, zircon, rutile, biotite. Characterized also by a large 
amount of quartz (silt size) and sericite muscovite, also by the presence of 
particles of glass (possibly pulverized frit). 

Clay separate somewhat similar but contains a much larger amount of 
sericite and less quartz. The clay mineral is brownish in color and encloses as 
an aggregate, small particles of sericite, quartz, limonite, and rutile. The great 
variety of associated minerals and abundance of quartz in silt would indicate 
a close similarity to certain slip clays. 

No. 6. The clay aggregate contains small amounts of quartz and sericite. Rather a 
clean sample of clay and free from most accessory minerals. Kaolin crystalline 
but without crystal outline. 

No. 8. Characterized by the presence of a variety of accessory minerals and of abun- 
dant quartz in coarser (sand) sizes as well as fine silt, quartz, zircon, rutile, 


' This petrographic examination of the clays was made through the courtesy of 
the Superintendent, G. A. Bole, Columbus, Ohio. 
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tourmaline, primary kaolin, sericite, glass as referred to under No. 3. and 
(rarely) muscovite. 

No. 12. Rather uniform in composition and consisting of quartz-clay aggregates carrying 
tiny rutile needles and a small amount of sericite. Other accessory minerals 
not present to any extent. Similar to No. 2. 

In Nos. 3 and 8 there has been noted the presence of fragments of glass. 
The surface of this glass is often crazed and cracked. The rather constant 
occurrence of this glass in some samples and its entire absence in others is 
significant. It is possible that this has been a mill admixture or it might be an 
accidental surface contamination in the mill bin. It may possibly be a fritted 
enamel. It is hardly likely that this glass occurs naturally in the clays. 


Chemical analyses of the clays were made from 
representative samples of the materials used in 
this investigation by a competent commercial analyst. 


Chemical Analysis 


Clay no 2 3 12 

Silica 53 .86 48 .32 57.68 

Iron and alumina 31.90 35.94 31.06 
Calcium oxide .20 1.26 44 
Magnesium oxide .16 

Loss on ignition 11.18 13.64 9.06 
Alkalis (by difference) .14 .28 1.60 

Clay no. 6 8 Clay no. 6 ~ 

Silica 47.01 57.68 Magnesium oxide .46 .29 
Alumina 34.19 28.25 Alkalis (by difference) 7. 2 
Iron me. 4.97 Loss on ignition 14.48 10.10 
Calcium oxide .38 21 


In order to secure uniformity, the frits were first 
ground dry in small porcelain ball mills and screened 
at intervals frequent enough to produce nearly uniform size particles. 
The ground coat frits were passed through an 80-mesh screen and the 
cover coats through a 100-mesh. 

A thin uniform coating of the ground coat was applied to small test 
pieces, 2 x 4 inches, which had previously been scaled and pickled in 
the usual manner. These were fired under uniform conditions to 
produce a good, well-fired base for the cover enamels. 

The clays were then tested in a series of cover coats made up as 
follows: frit, 100%, clay, 7%, tin oxide, 4%, leukonin, 3%, and water 
40% (approximately). 

A uniform coating of the cover enamel was applied to the test 
pieces and they were at once placed in a small oven kept at a constant 
temperature of 110°C. When thoroughly dry they were fired in a 
small gas-fired muffle furnace for 2.5 minutes at 960°C. . All of the test 
pieces were fired under exactly the same conditions. 


Enamel Tests 
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The finish coat enamel was applied in the same manner. The test 
pieces were then fired for 2 minutes at 950°C. Again, the firing 
conditions were kept constant. 

The condition of the enamel slip and its suitability for dipping were 
noted, also the amount of running or flowing of the enamel on the test 
piece. The fired pieces, both first coat white and finish coat, were 
carefully examined for any defects and compared as to color, gloss, 
opacity, etc. 

Besides these general examinations and comparisons, two other tests 
were made on all the finished pieces. 


Enamel Tests 


General Condition of Enamel Slip 


A good smooth slip. Stays in suspension 
Same as No. 1. A pure white slip 

A poor slip. Settles to bottom very rapidly 
Fair slip 

Settles quite rapidly. Flows considerably on test piece, causing beading on edges 
A good slip. Stays in suspension well 

A poor slip. Settles quite rapidly 

A smooth white slip. Settles slowly 

9. A good white. Stays in suspension well 

10. A good white. Stays in suspension well 

11. A good slip. Stays in suspension well 

12. A good slip. Stays in suspension well 


SNA 


General Condition of Test Pieces 


First Coat White 


Good, smooth, matured enamel 
Good, smooth, matured enamel 
Pieces completely covered with bubbles. Enamel in so poor a condition that second 


coat white could not be applied 
4. Immature enamel. Not smooth, due to clay which had risen to surface 
5. Same general condition as No. 4 
6. A good, smooth, matured enamel 
7. Matured, but rough. Test pieces contain many pin holes and minute bubbles 
8. Good, smooth, matured enamel 
9. Somewhat underfired and rather dull 
10. Slightly underfired and rather dull 
11. Very good enamel 
12. Very good enamel 


Finish Coat White 


1. An immature, dull enamel 
2. A good smooth enamel. Rather dull 
3. (It was not possible to apply the second coat enamel to this series. See above) 
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4. Seemingly immature and rough, due to clay which has risen to surface. However, 
in small spots not covered by clay, enamel has a good gloss. 

5. Same general conditions as No. 4 

6. A good enamel with a fair gloss 

7. Very poor enamel. Many pin holes and small black specks in enamel 

8. A good enamel with a good gloss 

9. A smooth enamel, but rather immature and dull 

10. Same general conditions as No. 9 

11. A very good enamel, with an excellent gloss 

12. About the same as No. 11 


If the better enamels were arranged according to their gloss and 
maturity, placing the best one first, the order would be as follows: 
Nos. 11, 12, 8, 6, and 2. 

Not enough difference could be noted in the opacity of the better 
enamels to make any comparison. 

This test was carried out according to the Bureau 
1. Impact Test 

of Standards method and with apparatus suggested 
by the Bureau. 


Impact Tests (Ft.—lbs.) 


Clay no. Test 1 Test 2 Test 3 Average Clayno. Test 1 Test 2 Test 3 Average 
1 0.325 0.35 0.35 0.342 8 0.30 0.275 0.275 0.283 
2 0.325 0.30 0.40 0.348 9 0.225 0.25 0.225 0.342 
4 0.273 6.215 8.273 10 0.225 0.25 0.225 0.225 
5 0.25 0.225  @.25 0.242 11 0.30 0.30 0.275 0.292 
6 0.25 0.225 0.25 0.242 12 0.30 8.275 06.275 @.3i7 
7 0.4175. 0.375 0.183 


The finished test pieces were placed in a small 
electrical resistance furnace and heated to 125°C. 
After allowing them to remain in the furnace long enough to come to a 
uniform temperature they were removed and immediately quenched 
in water at 15°C. This procedure was repeated five times at this 
temperature and at increasing temperature intervals of 25°C. Failure 
was accepted when the enamel chipped off of the piece. A small chip 
on the edge of the piece where the enamel was somewhat beaded was 


2. Thermal Shock 


not accepted as failure. 


THERMAL SHOCK TEST 


Slightly crazed Crazed Failure Slightly crazed Crazed Failure 
Clay Test Temp. Test Temp. Test Temp. Clay Test Temp. Test Temp. Test Temp. 
1 4 - - - - 2 200 
2 . rs 1 300 3 350 8 1 250 1 300 2 350 
3 - - 9 3 225 1 27S 2 33 
4 2s 1 300 5 350 10 2 228 i 
5 - - i gae 1 300 11 - - - - 2 200 
6 1 225 1 275 4 300 12 - - : ge 5 325 
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Summary of Results 


A careful examination of the above results clearly shows many of the 
functions of the clay in the enameling process, and also discloses some 
of the relations existing between the properties of the clay and its effect 
upon the finished enamel. 

The suspension test is, seemingly, not a good criterion of the ability 
of the clay to hold the enamel in suspension in the dipping process. 
The results found in the suspension test do not agree with those found 
in the enamel slips used in this work. 

It is also noted that the results of the suspension test do not check 
with the hydrogen-ion concentration of the clays. In general, however, 
the hydrogen-ion concentration of the clays does agree with the results 
obtained in the enamel slips. All of the clays, whose pH values are 
greater than 6.0, proved to be good suspension agents for the cover coat 
enamels. It cannot be said, however, that clays having PH values of 
less than 6.0 are not good floating agents, as some of the clays having 
PH values lower than this kept the slip in suspension very well during 
the dipping process. 

From the results of the screen test, it seems that the quality of the 
impurities in the clay is of much more importance than the 
quantity. While the amount of the impurities in the clays giving the 
best enamels varied greatly, there is no great difference noted in the 
quality of these materials. All of them, 7.e., those giving best enamels, 
Nos. 2, 6, 8, 11, with the exception of No. 12, contained only fine sand 
as an impurity. In No. 12 a small amount of carbonaceous matter 
was also found. It is further noted that No. 7 which contained con- 
siderable carbon in the form of coal or lignite, failed completely by the 
firing of these particles in the muffle, with resulting pin holes and 
bubbles in the enamel. 

Of the clays analyzed in this investigation, those giving the best 
enamels (2, 6, 8, and 12) favorably agree in their chemical analysis. 
The small amount of CaO in these clays seems to have no effect upon 
the resulting enamel. No. 3, however, which has a much larger content 
of CaO, failed completely on account of the decomposition of the CaCO; 
in the muffle after the enamel had become viscous with resulting blister- 
ing of the enamel. 

The brilliancy and degree of maturity of the finished enamel is 
directly related to the porosity of the clay at 1000°C. If the enamels are 
placed in order according to their luster, placing the best one first, and 


the clays placed in the order of their increasing porosities, the two 
are found to be identical. The objection may be raised that samples 
No. 4 and 5 should give fairly good enamels according to this classifica- 
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tion. The reason for these enamels not having a good glossy appearance 
is that the clay rose to the surface in drying and formed a thin, dull 
coating over the enamel when fired. It is to be noted that the results 
show that these enamels did have a good gloss in small spots not 
covered by the clay. 

The resistance of the enamels to impact and thermal shock is greatly 
affected by the clay. A comparatively low impact caused some of the 
enamels to fail, while others resisted impact forces of nearly twice that 
amount. A study of the results of the thermal shock test show a varia- 
tion of 150°C in the failing temperatures of the different enamels. These 
differences are not due to any difference in the maturity of the enamels. 
No relation was found, however, between any of the properties of the 
clays and their influence upon the strength and elasticity of the enamels. 


Conclusions 


It is evident that the exact degree to which the clay affects the 
properties of a finished enamel is dependent upon the composition of 
the enamel. 

1. The suspension test, alone, cannot be used as a measure of the 
ability of a clay to float the enamel in the dipping process. 

2. A knowledge of the character of the impurities contained in the 
clay is of as much value in judging the suitability of a clay for enameling 
purposes as the quantity of these impurities. 

3. A small amount of carbonaceous material in the clay does not 
affect the enamel, unless this be present in the form of coal or lignite. 

4. Finely divided calcium carbonate in the clay, in amounts less 
than 0.5% CaO, has no harmful effect upon the enamel. If the CaO 
content is greater than 1% it will cause the enamel to blister. 

5. The degree of maturity and the luster of the finished enamel is 
inversely proportional to the increasing porosities of the clays at 
1000°C. 

6. The strength of the finished enamel and its ability to resist 
thermal shocks is greatly affected by the clay used. 

7. This investigation has shown that the clay used in compounding 
the mill-batch of enamels may be detrimental or beneficial in its effects 
upon the essential properties of the finished enamel, depending upon the 
clay used. It has been shown that the clay affects the maturing tem- 
perature, texture, luster, strength, and elasticity of the finished enamel. 


CERAMICS BUILDING, 
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THE ATTACK OF ARSENIC COMPOUNDS ON FIRECLAY 
REFRACTORY MATERIAL! 


By W. E. S. TuRNER 
ABSTRACT 


McSwiney’s statement regarding arsenic compounds being responsible for rapid 
corrosive action on tank blocks is discussed. It is pointed out that if arsenic compounds 
exert a marked corrosive action on fire clay, it should be demonstrated by an increased 
iron oxide or alumina content, or both, in the resulting glass. Data collected in experi- 
ments run is presented, which contradicts McSwiney’s statement. Only when arsenic 
in excess of the amount used ordinarily is present in glasses melted at temperatures of 
1450 and 1500°C, or above ordinary working temperatures, can corrosion due to arsenic 
be traced. A full discussion of corrosion of glass house refractories, effects of colors on 
the heat conductivity of glasses at high and low temperatures, and variations between 
the types of glasses referred to in Dr. Turner’s paper and in McSwiney’s, is presented by 


McSwiney. 


In a recent paper published in this Journal, D. J. McSwiney dis- 
cussed a matter of very great interest to manufacturers of glass pre- 
pared in tank furnaces, namely, the rapid corrosion of tank blocks and 
the influence on this rate of corrosion by the use of selenium and of 
arsenious oxide. He came to the conclusion, quite rightly in my view, 
that selenium in itself is not to be regarded as a corrosive agent, but 
he brought forward a certain amount of general evidence which led him 
to the conclusion that the use of arsenious oxide is responsible for the 
corrosive action observed. For example, McSwiney considered the 
relative life of tank furnaces melting, in the one case colorless glass, 
and in the other green glass, and instanced a furnace melting green 
glass in which the average tank life diminished from 14 months to 
approximately 63 after the addition to the batch of 5 pounds of 
arsenious oxide per ton of sand. 

There is a certain amount of a priori evidence suggesting that com- 
pounds of arsenic might be regarded as corrodents, as also are some of 
the compounds of nitrogen and more particularly of phosphorus, ele- 
ments occurring in the same periodic group, and, therefore, having 
compounds of somewhat analogous properties. Arsenic compounds, 
indeed, very readily attack and corrode platinum. Phosphoric oxide 
at a temperature of 400° or higher attacks both glass and fused silica. 


1 The investigations from which the data given in this paper were derived were 
carried out in the years 1922—24 on behalf of the Glass Research Association and this 
paper is now published with the permission of that body and of the Department of 
Scientific and Industrial Research. Presented at the Annual Meeting, AMERICAN 
CERAMIC Society, Atlanta, Ga., Feb., 1926. (Glass Division). Received May 1, 1926. 

2 D. J. McSwiney, ‘The Action of Arsenic Compounds on Tank Block,”’ Jour. Amer. 
Ceram. Soc., 307—309(1925). 
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The alkaline nitrates which melt and probably react at a lower tem- 
perature are more corrosive of fireclay pots than are the corresponding 
carbonates. Phosphate glasses are generally recognized by glass manu- 
facturers as being among the comparatively corrosive glasses. These 
facts at least suggest that arsenic compounds might likewise be de- 
structive of fireclay vessels. 

The evidence which McSwiney deduces in support of his view that 
arsenic compounds exert a corrosive action may, however, be capable 
of a different interpretation from that which he gives. In any case, the 
statement that arsenic compounds exert a specially active corroding 
action on fire clay can best be tested by direct determination, and in- 
vestigations which have been in progress here during the past three to 
four years enable me to make a contribution to the elucidation of the 
problem. 

The experiments, the results of which are collected in Tables I, 
II, and III, were carried out on a soda-lime-silica glass of composition 
similar to that commonly melted for colorless glass in tank furnaces. 
The glass referred to in Table I was melted from the batch: sand 1000, 
soda ash 370, limestone (calcium carbonate) 200. 

In the experiments to which Tables II and III refer, the batch had 
the composition: sand 1000, soda ash 325, limestone (calcium car- 
bonate) 228. 

In the experiments on the first-named glass, meltings were carried 
out under precisely comparative conditions in small fireclay crucibles 
and increasing amounts of arsenious oxide were added to the batch. 
If arsenic compounds exert a marked corrosive action on fire clay it 
should be demonstrated by an increase in the iron oxide content, or 
the alumina content, or both, of the resulting glass, since these oxides 
would be derived to an increasing extent from the fire clay as the result 
of the corrosion. In Table I the results are recorded of the amount of 
iron oxide present in the glass resulting under the conditions stated. 
In experiments 5 to 9, namely, those in which the glass was melted at 


TABLE I 
Experiment Melting Oz. of arsenic Per cent Fe:O; 
no. temperature per 1000 lb. of sand in the glass 
1 1400° Nil n.d. 
2 1400 5 0.06 
3 1400 10 0.06 
4 1400 25 0.05 
5 1370 Nil 0.05 
6 1370 10 0.04 
7 1370 25 0.04 
8 1370 100 0.03 
9 1370 150 0.03 
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1370°, the amount of arsenic in the batch varied from 0 to 150 ounces 
per 1000 pounds of sand; that is, it rose to amounts in great excess of 
those used in tank furnace practice whete it is seldom that as much as 
50 ounces are employed. It will be noted that the percentage of iron oxide 
present instead of showing a marked increase is actually less in the case 
of the batch containing most arsenious oxide. In both sets of experi- 
ments, in fact, there appears a tendency to diminution which is con- 
trary to the view that increased corrosion occurs with the addition of 


arsenic compounds. 


TABLE II 
1 2 3 4 5 6 7 8 
527 M 50 Ib. (Wa) 4 ) 0.18 0.07 0.27 0.06 
527 P 50 Ib. (Wd) 3 32 0.15 0.17 0.28 0.06 
P/2 100 Ib. (We) 2 32 0.15 0.16 0.32 0.04 
P/3 100 Ib. (We) 1 32 0.15 0.14 0.17 0.0 
527 N/2 100 Ib. (Wc) 3 48 0.23 0.20 0.21 0.05 
527 N/3 100 Ib. (We) 2 48 0.23 0.19 0.13 0.05 
527 N/4 50 lb. (Ma) 3 48 0.23 0.20 0.16 0.05 
5270 50 Ib. (Wb) 2 72 0.34 0.38 0.41 0.09 
O/2 100 Ib. (Wd) 3 72 0.34 0.37 0.34 0.06 
0/3 100 Ib. (We) 3 72 0.34 0.31 0.26 0.04 
527 Q 50 Ib. (Wb) 4 120 0.57 0.55 0.17 0.05 
QO/3 100 Ib. (We) 4 120 0.57 0.48 0.13 0.05 
527 R 50 lb. (Ma) + 160 0.75 0.66 0.24 0.06 
R/2 100 Ib. (We) 4 1600 0.75 0.78 0.22 0.05 


The experiments summarized in Table II were carried out on a much 
larger scale, in pots of a capacity of either 50 or 100 pounds. In the 
experiments in question the melting process was carried on for a period 
of 20 to 22 hours at a temperature measured on the glass-pot level, 
(that is, the interior temperature of the pot) of 1400°C. Increasing 
amounts of arsenic were added up to 10 pounds or 160 ounces per 1000 
pounds of sand. The table records the amount of arsenic added to the 
batch, the approximate percentage which would be present in the glass 
if all the arsenic were retained, the actual amount of arsenic retained, 
and the percentage of alumina and iron oxide respectively in the glass. 

Before attempting to draw a conclusion from these results it is desir- 
able to point out that the arsenic content is not the only variable factor. 
The temperature of melting and the period of reaction are constant, but 
two different makes and sizes of pot were used, the makes being de- 
signated as W and M, respectively, the clay used being different. 
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Moreover, the extensiveness of attack depends to some extent on the 
order of melting in any particular pot; that is to say, a new pot usually 
suffers somewhat greater loss than one in which glass has previously 
been melted. As it remains in the furnace it normally acquires greater 
resisting powers. This would not, from the table, appear to be invari- 
ably the case; but again it may be pointed out for any particular addi- 


TABLE III 
(a) MELTING IN CLOSED Pots or 100 Las. Capacity 
é 
Os as F as 0.8 = < 
527 P/4 1400 32 43 100 Wa) 0.15 1 0.12 0.39 0.04 
5 1450 32 46 100 M(a) 0.15 1 0.11 0.60 0.06 
6 1500 32 46 100 M(b) 0.15 1 0.11 0.50 0.05 
527 O/4 1400 80 42 100 W(a) 0.37 2 0.29 0.47 0.04 
5 1450 80 42 100 M(a) 0.37 2 0.30 0.74 0.06 
6 1500 80 45 100 M(b) 0.37 2 0.28 0.94 0.09 
527 R/3 1400 160 44 100 M(c) 0.75 4 0.66 0.43 0.06 
4 1400 160 45 100 M(c) 0.75 1 0.66 0.69 0.09 
7 1450 160 45 100 M 0.75 1 0.61 0.88 0.09 
(b) MELTING IN OPEN Pots or 50 Las. Capacity 
527 P/7 1400 32 22 50 W(a) 0.15 1 0.13 0.57 0.07 
9 1450 32 21 50 W(b) 0.15 1 £0.14 0.49 0.06 
10 1500 32 21 50 W(b) 0.15 3 0.15 0.86 0.07 
§27 O/7 1400 80 22 50 W(a) 0.37 2 0.28 1.24 0.10 
8 1450 80 22 50 W(a) 0.37 3 0.31 1.46 0.10 
9 1500 80 21 50 W(bd) 0.37 2 0.30 0.64 0.09 
§27 R/5 1400 160 44 50 Wc) 0.75 1 0.59 0.64 0.09 
6 1400 160 45 50 Wc) 0.75 2 0.59 0.53 0.09 
9 1450 160 45 50 Wid) 0.75 1 0.54 1.29 0.13 
10 1450 100 45 50 Wid) 0.75 2 0.51 1.46 0.12 
13 1500 160 45 50 Mia) 0.75 2 0.41 6.37 0.55 


tion of arsenic, the order of melting in most cases was for different pots, 
the several pots used here being noted as Wa, Wb, etc. For several con- 
centrations of arsenic, however, meltings were done in the same type 
and size of pot so that four of the factors remain constant. Remember- 
ing this fact, it does seem quite clear that increasing the arsenic content 
of the batch tenfold makes no apparent difference to the extensiveness 
of corrosion as measured by the alumina and iron oxide content of the 
glass. 

This conclusion seems to be true for a melting temperature of 1400°. 
The question remains as to whether or not the arsenic compounds might 
show evidence of corrosiveness with the rise of temperature above this 
value, which is not frequently much exceeded in practice. A further 
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set of data, abstracted from our researches and collected in Table III 
appears to indicate that they do. 

In the first group, namely, those in 100-pound closed pots, the melt- 
ings were done in pots of the same type except in two cases at 1400°, 
about which we need not make comment since conclusions can be drawn 
from Table II in respect to this temperature. In this group also, it 
may be noted that the glass was in contact with the pot for approxi- 
mately twice the length of time used in the meltings referred to in Table 
II; that is, the period was 42-46 hours subsequent to the addition of the 
last charge. 

Comparing the results at 1450°, it would appear that there is a 
definite increase in the amount of AlsO; and FeO; dissolved as the 
proportion of arsenious oxide added to the batch was increased. The 
two available results for 1500° also exhibit this same increase. 

The open pots were also of the same type except in one case, namely, 
that used for melting glass 527 R/13, but strict comparison must be 
confined to the glasses of the P and O series only, since these were in 
contact with the pot after the last charge for a period of 21-22 hours, 
whereas the R glasses of Table III (0) stood for 45-46 hours. With this 
difference in mind the 1esults at 1450° indicate a considerably greater 
attack with the higher than with the lower arsenic concentrations, 
although the increase is not parallel with arsenic addition. The com- 
paratively high percentage of alumina in glass 527 O/7 melted at 1400° 
must be regarded as accidental. At 1500°, the results are irregular. 
But although it would be unwise to make definite assertions of the 
corrosiveness of arsenic based on this second group of results, it would 
appear when all the results in Table I1I are considered, that at higher 
temperatures than 1400°, arsenic begins to have a somewhat increas- 
ingly greater corrosiveness toward fire clay, the attack increasing with 
concentration. 

In forming a final judgment on the effect of arsenic in practice, we 
must consider the circumstances in which common soda-lime-silica 
glass is melted industrially. In normally efficient tank furnaces the 
maximum temperature of the glass will seldom exceed 1400°-1425°, 
and is often lower than 1400°, while the amount of arsenious oxide 
employed is not usually in excess of 2-3 Ibs. per 1000 Ibs. of sand in 
the batch, equivalent to 0.15-0.23% of arsenious oxide in the glass, 
assuming it all to be retained. 

Now it is clear from the data set out in Tables I and II that even 
when an amount of arsenious oxide 4—5 times that used in practice is 
employed, there is no marked corrosion of fire clay at 1400°; at any rate, 
no corrosion that can be shown by increase in the amount of alumina 
and iron oxide taken into solution in the glass. Even at higher tem- 
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peratures than 1400°, that is, at 1450° and 1500°, it is only when the 
amount of arsenic is in excess of that used in the industry that corrosion 
due to the use of arsenic can be traced. The final conclusion, therefore, 
to which I think we must come, is that under the conditions usually 
observed in practice in the melting of soda-lime-silica glass, any corro- 
sive action due to the arsenic must be regarded as “‘not proven.”’ 

As suggested in the introduction to this paper, the observations 
recorded by McSwiney may bear an alternative explanation. The action 
of the arsenic may be indirect. The allegation (not favored by Mc- 
Swiney) that selenium causes the corrosion of tank blocks is most prob- 
ably to be associated with the increased transparency to heat rays 
which colorless glass has over green or other colored glass. Thus tank 
furnaces with 36 inches of green glass may be sufficiently deep to pre- 
serve the bottom blocks from the necessity of replacement for a con- 
siderable period; whereas for melting colorless glass, 42 inches depth 
had to be adopted, while more recently, 48 inches depth is frequently 
employed in bottle glass tanks. These practical considerations are evi- 
dence of an average higher temperature throughout the colorless glass 
in a tank as compared with green glass and the consequence must be a 
greater rate of coirosion due to higher temperature. But arsenious 
oxide is quite definitely a decolorizing agent for glass independently of 
selenium and therefore renders the glass more transparent to heat radi- 
ation. It is very possibly along these lines that the facts related by Mc- 
Swiney are to be explained. It would be useful in this connection if 
comparative measurements were available of the temperatures at 
different depths in tank furnaces containing colorless glass and green 
glass, respectively. 

The one object of this paper was to examine the possible corrosive 
action of arsenic compounds on fire clay refractory material. There is 
other information which may be deduced from the data recorded 
above in regard to the behavior of arsenious oxide in the melting of 
glass, but this subject will be discussed in detail in other papers. 


DEPARTMENT OF GLASS TECHNOLOGY, 
THE UNIVERSITY, SHEFFIELD 


Discussion 
By D. J. McSwiney! 

It is a well known fact that the life of glass tanks may vary widely 
when different colored glasses are melted in them, even though the 
tanks are of the same design and operation, and constructed of the 
same refractory material; and the glasses not differing in composition, 
except for the relatively very small amounts of coloring and auxiliary 
materials used in the batches to produce the different colors. 


1 Received May 6, 1926. 
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There are so many factors controlling the life of glass tanks that the 
importance of any one factor can be determined only when the effect 
of the other factors does not vary. This can be done in the case of tanks 
melting flint, amber, and light green glasses in the same plant, when the 
average life of a number of tanks melting glass of each color is con- 
sidered, and when the base glass, the routine of construction and opera- 
tion, the refractory material used, the temperature and pull carried, 
etc., are all essentially the same. 

If we disregard those tanks in which an abnormally short life is evi- 
dence of an abnormal or poor operation or of poor refractory, the aver- 
age life of selenium and arsenic decolorized flint tanks, melting a glass 
of the average bottle glass composition, under good operation at a 
temperature of 2450-2550°F, an average pull of about twelve square 
feet, and using the common level throat construction, is about eleven 
months; that of light green glass tanks under the same conditions is 
about fourteen months, and that of amber tanks about twenty-four 
months. The range of tank life under these conditions is from about 
eight to thirteen months in the case of flint tanks, ten to twenty-four 
months with light green tanks, and fifteen to thirty-six months in the 
case of amber tanks. 

The life of the tank is here considered as the length of time between 
the filling of the first batch and the time when the glass breaks through 
the refractory wall. The average lives given above are not merely 
characteristic of the tanks of any one particular company but are 
approximately correct for all plants melting these glasses under the 
same conditions. 

The majority of flint tanks with level throats go out through the 
throats, while most of the remainder go out through the side wall, 
usually at the metal line, a few through dog-house corrosion and oc- 
casionally one through the bottom. The majority of light green tanks 
go out through the side wall, and most of the remainder through the 
throat. Most amber tanks operated under the same conditions do not 
go out through glass attack, but usually through some derangement 
of furnace operation, such as clogged checkers, burnt out ports, etc., so 
that the average life of amber tanks, as far as glass attack is concerned, 
is greater than the twenty-four months given above. 

The reason to which is usually ascribed the longer life of amber and 
green tanks over those of flint worked under the same conditions is a 
lower transparency of the first two glasses causing less radiant heat to 
penetrate to the bottom of the tank. However, while the bottom of an 
amber tank may be very much lower in temperature than that of a 
flint tank of the same depth and operated at the same surface tempera- 
ture, it should not be assumed that the same ratio of temperatures holds 
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true for the glass in the throats of the two tanks. Tanks are worked 
about 85% of their life and it is the glass which flows through the 
throat which causes corrosion, and in the majority of cases, flint tanks 
eventually collapse at this point. 

The glass flowing through the throat of any tank is always much 
hotter than the glass at any other point on the same horizontal level 
throughout the tank, owing to the fact that a large portion of the glass 
which flows through the throat comes from the glass surface almost 
directly above the throat opening. Examination of the lines of flow of 
glass in tanks of different colors shows that a greater portion of the glass 
entering the throat comes directly from the surface in the case of colored 
glass than with flint. This, however, may be largely offset by a greater 
temperature drop in the case of the dark glass as it falls to the throat as 
a result of greater radiating power. It is the hot glass coming direct 
from the surface which causes throat collapse rather than the colder 
glass which works in from the lower levels, as is evidenced by the fact 
that throat corrosion always takes a mushroom or inverted pear shape. 

While the lower transparency of the dark glasses may account for 
the decreased corrosion of the throats of amber and green tanks relative 
to flint, it is difficult to see how this can explain the decreased corrosion 
of amber and green tanks along the metal line, as variations in radiant 
heat transmission of the glasses should have little or no effect at this 
point. The life of the refractory along the metal line is usually in nearly 
the same ratio as the life of the tank. As stated above, many flint tanks 
go out at this point before corrosion of the throat is completed, and, in 
fact, many go out at this point in only eight or nine months. It is very 
seldom the case that a flint tank which has been operated for twelve or 
thirteen months will not be worn very thin at points along the glass 
line, but amber tanks are often to be seen which have been in operation 
under the same conditions more than twenty-four months and which 
will have a minimum thickness of more than 3} inches along the glass 
line. 

The shortening of tank life resulting from the addition of arsenious 
oxide to green glasses to lighten the color is not susceptible to the same 
analysis as that of other colored glasses, owing to the fact that this prac- 
tice is not common. However, I believe that the decreased tank life 
resulting in these cases is too pronounced and too regular to be merely 
a coincidence. 

The difficulty. of considering, without actual temperature measure- 
ments, the effect of color of the cold glass on the radiant heat conduc- 
tivity of the glass at melting temperatures, lies in the fact that we do 
not know what may be the ratio of this conductivity of the same colored 
glass at low and at high temperatures. We know that the addition of 


A 
‘ 


420 MCSWINEY—DISCUSSION ON ATTACK OF ARSENIC COMPOUNDS 


arsenious oxide decreases the color of the cold glass, but not knowing the 
mechanism of the action of the arsenious oxide on the iron color we 
cannot judge if this increased light conductivity holds at high tempera- 
tures. 

The light green glass, the life of melting tanks against which is stated 
above, contains only about .06 to .10% iron oxide. The larger 
part of the iron is usually maintained in the ferrous condition through 
melting under reducing conditions, or a small amount of cobalt oxide 
is added to give the glass a bluish cast. The amount of coloring material 
in these light green glasses may then be less than that in many flint 
bottle glasses which may contain as much as .07% iron oxide and suffi- 
cient color (from the decolorizer) to complement the iron color. More- 
over, the amount of iron oxide in different flint soda-lime glasses varies 
from .02 to .07% and the arsenic oxide used does not vary in the same 
ratio. The variation in transparency of these flint glasses when cold, 
due to the variations in their iron contents and the proportionate 
amounts of decolorizer used, does not appear to affect the life of tanks, 
but the variation in the amount of arsenic used does appear to decrease 
tank life out of proportion to the apparent effect of the arsenic addition 
on the color of the cold glass. 

When the color of the cold glass is dependent on the presence of col- 
loidal particles, as is the case with selenium, sulphur, and similar colored 
glasses, it seems probable that the transparency of the glass at high 
temperatures compared to that of a glass colored with cobalt or iron or 
similar coloring materials, may be much greater in proportion to the 
transparency of the two glasses when cold, because a large part of the 
colloidal coloring is apparently developed while the glass is cooling 
from the melting temperature. For example, a sulphur amber, when 
rapidly chilled will usually not show nearly the depth of color that is 
shown by the same glass when chilled at the normal rate. If this is 
generally the case with amber glass melted in tanks, it is still more diff- 
cult to see how differences in radiant heat transmission can cause such 
a difference in the rate of corrosion along the metal line as actually 
obtains in flint and amber tanks. 

It is well known that when amber and flint glasses of the same com- 
position are worked by hand the working of the amber glass is much 
more difficult than that of the flint, being more difficult to gather and 
setting much more rapidly. While in the case of hand working the in- 
creased setting rate of the amber glass may be partly or wholly ascribed 
to more rapid cooling consequent to greater radiating power, it is not 
easy to see how this can fully explain the fact that in the rapid forming 
Owens machine, when worked at full capacity, an amber glass requires 
a higher working temperature than a flint of the same composition to 
get the same results. 
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When sufficient circulation obtains in a pot melt to so mix the glass 
that the products of solution of the refractory walls are thoroughly 
spread throughout the melt, the increase in the alumina or iron content 
of the glass as a result of the refractory solution can be considered a 
measure of the degree of solution of the refractory. However, the 
solvent power of the glass for clay refractory is not the only factor deter 
mining the life of a refractory container against glass; the factor which 
ordinarily determines this life is not the rate of solution of the refractory 
but rather the penetration of the refractory walls by the glass. The com- 
mercial pot which is worn down uniformly through use to a thin shell is 
the exception rather than the rule, the average life of glass pots and 
tanks being directly determined by local penetration. The factors which 
influence refractory solution and penetration are not the same or do not 
have the same values in the case of tank blocks as in that of pots, and 
consequently even when the same refractory is used in the two con- 
tainers, the life in each case cannot be compared with that in the other. 

Aside from the penetration resulting from a local condition or defect 
of the refractory, or a localized high temperature, the penetration of 
the refractory is determined by the character of the glass. The prop- 
erty of the glass which primarily determines the degree of penetration 
is not the solvent power of the glass for the refractory material but 
rather the fluidity of the glass and its viscosity-temperature relations. 

In general, with pure combinations of soda, silica, and lime, the sol- 
vent power of the glass for silica and alumina tends to vary as the 
fluidity, but it does not appear at all impossible that the additions of 
small amounts of materials such as the carbon and sulphur used in 
amber, and the arsenic in flint may have an influence on the penetrative 
power of glasses, by influencing the viscosity-temperature relations of 
the glass either by affecting the degree of molecular association of some 
of the glass constituents or the rate at which the glass acquires a stable 
‘nature,’ in much the same manner as the addition of small amounts 
of some materials can affect the viscosity and rate of maturing of gela- 
tin, silicic acid, and similar hydrosols. 

In flat glasses in which selenium is used as a decolorizer and the iron 
content of which does not exceed those of some flint bottle glasses, 
arsenic is not ordinarily used. Tanks melting these glasses often have 
a life exceeding twenty months, and while these tanks are not con- 
structed with throats, the life of the refractory along the glass line is 
very much higher in these tanks than it is in bottle tanks, although the 
average operating temperature of these flat glass tanks is higher than 
that of bottle tanks, and although salt cake, which apparently in- 
creases the solvent power of glass for refractory, is used in these 
glasses to lessen scum formation. The setting rate of these glasses is, 
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of course, very much higher than that of bottle glasses. In this respect, 
it may be well to point out that the glass on which the results given in 
Dr. Turner’s paper were obtained has a higher setting rate than 
practically all the soda-lime-selenium and arsenic decolorized flint 
glass made in this country. 

As the arsenic exists in the glass combined, probably with alkali, its 
addition above a nominal amount tends to change the nature of the 
base glass in that it lessens the amount of soda available for the silica. 
As the glass contains near the limit of silica which under ordinary 
working conditions can be readily assimilated, the action of the in- 
creased content of arsenic oxide in decreasing the available soda to 
silica ratio, even assuming, as to me appears probable, that the arsenic 
is present as the meta-salt, and disregarding any possible solvent action 
of the arsenate, would itself tend to decrease the solvent action 
of the base glass on the silica of the refractory by increasing the silica 
and decreasing the soda content of the base glass; this may possibly 
account for the observed decrease in refractory solution with increase 
in arsenious oxide at the lower temperatures. 
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A NON-ACTINIC COBALT-BLUE GLASS'! 
By W. W. CosBtentz anp A. N. Finn 
ABSTRACT 

A non-actinic blue glass is described. The substitution of cerium oxide for a part 
lime and the addition of a small amount of cobalt oxide in an ordinary soda-lime glass 
produces a glass which, in 5 mm. thickness, absorbs practically all the ultra-violet rays. 
The composition of the glass, its ultra-violet absorption, and the visible spectral trans- 
mission are given. 


Colored glasses have been used for years to protect the eyes when 
looking at bright lights or into furnaces, but in some cases these glasses 
do not give the proper protection. Although they do reduce the in- 
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Fic. 1.—Spectral transmission of A, an ordinary cobalt-blue glass, 2.11 mm. 
thick; B, the cobalt-cerium glass (No. III), 2.85 mm. thick; C, relative visibility 
curve. 


tensity of the transmitted light, some of them do not entirely absorb 
or “‘cut out” the harmful ultra-violet rays. 

Safety engineers have insisted that men working around open-hearth 
or other high-temperature furnaces use a colored glass which reduces 
the intensity of the light from the furnace and also offers good protection 


1 Published by permission of the Director of the National Bureau of Standards of 
the United States Department of Commerce. Presented at the Annual Meeting. 
AMERICAN CERAMIC Society, Atlanta, Ga., Feb., 1926 (Glass Division). 
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against the harmful ultra-violet rays. However, most furnace operators 
themselves prefer a cobalt-blue glass regardless of the fact that it only 
gives partial protection against the harmful ultra-violet rays, main- 
taining that they can observe furnace conditions better through a blue 
than through other colored glasses. This prejudice is probably due to 
their greater experience with a blue glass, because other colored glasses 
are now being used with satisfactory results in some industries. 

The ordinary cobalt-blue glass does not absorb the ultra-violet rays 
which are harmful to the eyes (those beyond 0.310u)! much, if any, 
more than ordinary colorless glass. Glass containing cerium oxide 
transmits practically all the visible spectrum and absorbs the harmful 
ultra-violet rays. 

If cobalt and cerium oxides could be introduced into the same glass 
without losing their characteristic effects, the desire of furnace operators 
for a blue glass would be gratified and, at the same time, the require- 
ments of the safety engineers for a non-actinic glass would be met. 

In order to determine if such a glass could be made, three experi- 
mental glasses of the same general compositions were melted at the 
Bureau of Standards. The composition of each of these glasses (com- 
puted from the batch composition) is as follows: 


I II Ill 
Per cent Per cent Per cent 
SiO. 69.6 69.5 69.5 
CaO 6.0 12.8 6.0 
CeO, 6.8 0.0 6.8 
CoO 0.0 0.1 0.1 
Na,O 17 .6 17.6 17.6 
100.0 100.0 100.0 


The glass melted and fined readily at 1425°C and it worked easily. 
The apparent color of the glass was so similar to that of the simple 
cobalt glass that it was practically impossible to differentiate between 
them by visual inspection. 

The ultra-violet transmission of the three glasses is given in the 
following table: 


TABLE I 
Transmission in Per Cent 

Glass no. Thickness Ultra-violet spectrum* 

mm. 0.280. 0.302. 0.3134 0.334y 0.365. 0.405. 
III 2.90 0.0 1.4 13.4 64.9 87.0 84.2 
I 2.02 0.0 0.0 0.0 0.0 3.7 68 .9 
III 2.80 0.0 0.0 0.0 0.0 2.5 62.9 
Ill 5.00 0.0 0.0 0.0 0.0 0.0 41.5 

* 0.380u is commonly considered as a short wave length limit of the visible spectrum 


1 J. H. Clark, Lighting and Its Relation to Public Health, Williams and Wilkins. 
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The spectral transmission! of an ordinary cobalt-blue glass? and the 
cerium-cobalt-blue glass is shown in Fig. 1. 

From these data it is evident that cobalt and cerium oxides can be 
combined in the same glass without losing their characteristic effects, 
and that a cobalt-blue glass of the kind described above will afford 
greater protection against the harmful ultra-violet rays than the 
ordinary cobalt-blue glass. 


1 Measurements made in the Colorimetry Section, Optics Division, Bureau of 
Standards. 
? Gibson and McNicholas, Bur. Stand., Tech. Paper, No. 119 (Fig. 17, curve D). 
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STANDARDIZED PROPORTION OF THE GREEK VASE 
AND ORNAMENT! 


By Ropert W. GARDNER 


ABSTRACT 

This paper demonstrates that in Greek art geometry and not inspiration was the 
basis of proportion and the fundamental of design. It gives the actual method, hitherto 
lost, that was employed in the application of geometry to design by artists and craftsmen 
of the fifth century p.c. The subject matter contained in this article was obtained by 
its writer in an investigation into the proportions of the Parthenon. In his book? ‘‘The 
Parthenon: Its Science of Forms,” the writer deals only with the temple and the design 
of the Acropolis and of the city of Athens and its port of the Piraeus, but in this article 
he gives in a simplified form the canon of proportion which can be applied today in 
every branch of art, the canon which the Greeks employed in producing the master- 
pieces of the Golden Age of Pericles. 


The purpose of this paper is to demonstrate that the basic element of 
all Greek design of the classical period is geometric; that the Greeks used 
a standardized scale of 


proportions which applied Naik 
eye ) in all their variation of de- fate 
sign; that this scale was 
Side A “} Triangle one of commensurable drawing 


Fic. 1.—Right angle 
triangle. 

Fic. 2.—‘‘The square on 
the hypothenuse of a right 
angle triangle equals the sum 
of the squares on the other 
two sides.”” By counting the 
equal constituent triangles in 
A, B, and C, it is self-evident 
that area of A+B=area of 


areas, geometrically ob- 
tained and starting from a 
nucleus or center and ex- 
panding outwardly; that 
the method of application 
was direct, simple, and 
uniform; and that in it 
no arithmetical calculations 
were used, but the square 
and compasses alone. 
Originally the method 


one triangle, 
Fig. 1, and by 
rotating the hy- 
pothenuse or di- 
agonal to the 
axes of symmetry, 
square C of Fig. 
2 appears con- 
centrically placed 
on A and double 
the area of A 
(ratio 1:2). 


was taken directly and in its entirety from Egypt of the Fifth Dynasty. 
As developed by the Greeks it applied to pottery, architecture, 
sculpture, and allied arts, as well as to the musical scale of Pythagoras. 
The geometry involved is so simple that anyone who understands 


the elements of geometry can grasp and apply the analysis. 
We have in America all of the elements save one of a successful and 
dominating industry: the materials, the skill in handling, the capital, 


1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Atlanta, Ga., 
Feb., 1926 (Special Session), Received March 24, 1926. 
2 “The Parthenon: Its Science of Forms,’’ by Robert W. Gardner, published by the 
New York University Press. 
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and enthusiasm; but have we the art, the science of designing the 
shapes, the forms, the decorations of these shapes, so that two 
thousand years from now these objects we make will be treasured 
as priceless heritages, as the pottery and statuary and architecture 
of Greece is treasured today? In a recent convention, it was admitted 
that we have not. 
If it is admitted that our designs are imperfect, 
even -when they are the products of our best 
talent, then we must either admit a_ general 
personal inferiority, or the lack of some instrument by which the 
Greeks in their customary objects attained their matchless 
results. It is the writer’s opinion after delving into this subject 
for several years, that the answer is in our lack of method in 
proportioning. We copy blindly the beauty of another age 
whose science of design was lost two thousand years ago and comfort 
ourselves with the thought that art perhaps is inspirational, en- 
dowed by nature, and grows from an innate feel- 


Americans Lack 
Proportioning 


nfs ly ing of inspired personality. This leaves us at the 

Cc 1 [or A mercy of the archaeologist instead of throwing us 

xi * on our own resources. We are all familiar with 
the results. 

Pon 4 Tie Underlying the design of the simplest object, as 


process of Fig.3is Well as the most grandiose scheme in Greek art, 
repeatedoutward- there is the basic geo- 


ly and inwardly metrical science that de- A+ Unit Square 
to produce a geo 

a geo- termined inexorably the D-¢ 
metric series of Tha E - nes 

proportions used. it per 
squares in binary SOnality, as we commonly Sen: 7 
ratio (1:2:4:8:16). know it, was subordinated F, G and H are secondary squares 
These may be to law and order, but by Fic. 5.—By prolonging op- 


called “primary obtaining continuity and posite sides of any unit square 


unity of design they really *° A, to the sides of another 
square in the series as D, rec- 


expressed the highest form of personality 206 
with all its feelings and strivings. This canon diagonals form sides or roots 
of proportion, this law of design helped, not of other commensurate square. 
hindered, the rational mind that won free- Thus D being 4 times A it fol- 
dom by hard obedience to law. To the Greek !0WS that F in area is 5 times 
mind all particulars were parts of a united 
whole and this philosophy was expressed kat pe 

in his art whose beauties reflected logic, simplicity, and order. 
His method we can apply today in shaping our commonest 
necessities of life, from the household utensil to the skyscraper. 
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It was the late Jay Hambidge who first aroused 


Hambidge Dynamic 
es a complacent world to the fact that geometry 


Symmetry 

was the basic yD 

bd . -- - 

element of design and in his book, |) 
“Dynamic Symmetry,”’ furnished eau AK 

abundant proof to sustain his con- 
tention. Unfortunately he furnished ab-¥5 hence —_G'His rectangle of 


no consistent way of applying any 
method to a design. Rather, the 
individual was left to experiment for himself in his own designs. 

In the following demonstration I wish to stress particularly that the 
underlying principle of design is the unfolding or outward growth 
from a single unit: a square placed at the crossing of two axes of sym- 
metry and determining all quantities or dimensions from squares 
increasing in geometrical ratio in even multiples in area of the original 
unit. This is the method of growth in nature, in all organic life where 
all organisms are built up by accretion from a nucleus. The Greek 
> designer was follow- 
, ing a natural law. 

We must first ana- 
lyze the simple prin- 
: ciples of Euclid in- 
volved in the method. 
KS] As far as the vase and 
sculpture are con- 
cerned, one sheet of 
details will explain 
the whole thing. If 
/| time permitted, the 
< / | variations of the geo- 
metrical method to 
~~ } ‘ apply to the temple 
and city planning 
could be given. Fun- 
damentally, however, 
they are all the same. 
They differ in the 


Fics. 6 AND 7. 


Fic. 7A.—The pyramids of Gizeh, B. C. 2850. (From 
plan by Lepsius.) The survey shows that not only the main ; : 
objects but the subordinate pyramids, tombs, and temples Tatio of increase: the 
were laid out in rigid accordance with the scheme of com- unit is doubled in 
mensuratesquares. Possibly togettherock fill for the struc- one, tripled in an- 
tures they cut back the plateau. In cutting as in filling 


other, and in the 
they conformed to the geometric scheme. 


Parthenon and Doric 
temples generally the increase is pentamerous, or in multiples of five. 
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In the Erectheum there is a combination of the doubling, or octave 
ratio, with the tripling ratio, which exactly duplicates the frequency ratio 
of vibrations in the musical scale of Pythagoras as they apply to the 
minor and major thirds and sixes. This statement may be regarded aS 

: an announcement of a discovery within the last few months. Its signific- 
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Area A=2B | 
B=2C 

XY°Z =3C 

L;M:O is equilateral triangle 
Z 


Fic. 8.—Kantharos in the Boston Museum of Fine Arts. The width of the brim is 

marked by square C. The width of the handles is marked by B. The height of the 

. handles by square X YZ which is three times the area of square C. The base comes with- 
in a square five times the area of F. The smaller details are obvious. 


ance will be apparent to our modern composers who are striving with- 
out scientific basis to arrange a new scale of musical intervals. 

I shall show carefully measured drawings with the application of 
the single geometric scale which standardizes and controls the series 
throughout. As designers, we are interested, not as archaeologists or 
historians, but as students looking for something that will help us to 
attain beauty and appropriateness of forms. 
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The first geometric form to consider is the right-angled triangle. 
(Fig. 1.) Pythagoras demonstrates that in such a triangle the square 
of the hypothenuse is equal to the sum of the squares on the other two 
sides. (Fig. 2.) 

Figure 2 shows by means of the diagonals that the larger square is 
double the area of the two squares, as the triangles are all equal, four 
in each of the smaller squares and eight in the larger one. 

If we keep this proposition in mind and proceed to draw a series of 
squares along a common axis, each square having for its sides the 
diagonal of the preceding square, we have a series in geometrical 
sequence each double the size of its predecessor in area. (Fig. 4.) 

These squares are now arranged on two axes of symmetry. We have 
an orderly, convenient scale of proportionate parts arranged so that 
the relationship is present, but not apparent, unless we use the compass 
to test the diagonals. 

Furthermore, from this series of squares in doubling ratios, all of 
the various geometric motives can be obtained; the rectangle of the 
golden section, the rectangle of the square root of five, or of three. 
(Figs. 5, 6, and 7.) 

Aside from the simple or primary squares in doubling ratios, which 
may be likened to the octave in music, we can, by prolonging the sides 
of a small square outwardly to the perimeters of the larger squares and 
using the diagonals of the 


resultant rectangles as sides 
of harmonic squares, get all 
the intermediate square 
areas, all commensurable 
with the two squares used 
in the rectangle. Between 
4 and 8 unit areas we can 
get 5-6-7 unit areas; that is, 
in the ratio of 4 to 5, 4 to 6, 
and so on. 

The next step is to stan- 
dardize our series of squares 
by starting with a square 


that would run the series in 
units of a standard foot. 
The Greeks, with their usual finesse, did not apply the measurement 
directly and obviously on the sides of a square, but on the diagonal 
of a rectangle whose sides were in the proportion of one to the square 
root of two. On the line oblique to the two axes of symmetry they 


Fic. 9. 
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proceeded to lay off their squares. See line x—y, Fig. 4, which should 
be one Attic foot if drawn full size. The rectangle myxn is a root 2 
rectangle. 


17*E° 


Fic. 9A.—Perfume vase from the Boston Museum. The dotted line marking the 
tip of the handle is the side of a square 17 times the area of square E. The incised line 
so marked is 5 times the area of E if the square were completed. The diameter of the 
foot is inscribed in a square 3 times the area of E. The other squares are obvious, and 
run in the geometric, binary series. They are identical in size with the squares similarly 
lettered in the other drawings. All are properties of the Attic foot. 


We now have a series of squares whose sides, diagonals, differences, 
and sums are all related to each other and to a national system of 
measurement running from the infinitely small to the infinitely large 
area, Or Over any intermediate range that may be perfectly adapted to 
the technical requirement of our design. We have unity, continuity, 
relationship, and adaptation. 
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1 square Attic Foot>+ M 


=} 3 Attic Foot 


Attic Foot 


Attic Foot | Cc 


% Attic Foot D 
12 Attic Foot! E 
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| 1.Attic Foot 328 Mm.| = 


Greatest Diameter | | |4 
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Fic. 10A.—Gage of Attic foot, 328 mm. Stamnos 00.342 Museum of Fine Arts, 
Boston. This stamnos seems to be the standard gage for the whole Attic system. The 
square LM NO is exactly one square Attic foot. It exactly inscribes the greatest diameter 
of the stamnos. The square C exactly inscribes the smallest diameter of the neck and 
is 3} Attic foot. Square B is } Attic foot or twice the area of C. Square A is 4 times 
the area of C or 1} Attic foot in area. 
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The great advantage in this scale, which will be at once apparent 
to the designer, is that any given object can be so laid out in plan that 
all its parts will be related to each other, and these in turn can be 
related to the room, to the building, and to any general scheme, and 
finally would be related in common with a standard unit of measurement. 

All of this is accomplished with a minimum of effort as far as pro- 
portions are concerned, but with absolute freedom in combining the 
elements and in applying them as sense of fitness directs. It was with 
this instrument that the Greek artist standardized his proportion. 

The earliest application of this series of squares, as far as I know, was 
in the grouping of the three pyramids of Gizeh. (Fig. 7A.) 

The details shown on the photographs are located on the map. 
I have checked up several frieze compositions and find that the system 
was general in its application. No attempt will be made to introduce 
any of the frieze designs at this time. 

It is a historical 
fact that Thales, 
the Greek philoso- 
pher, visited Egypt 
in the 6th Century 
B.C. and carefully 
measured the pyra- 


mids. It is un- 
likely that any 
knowledge of the 
system of propor- 
tion existed in the 
world at that time. 
Egypt had _ been 
under the sway of 
the Ethiopian 
kings for two or 
three centuries and 
its civilization was 
at a low ebb. He evidently rediscovered the lost art and when he re- 
turned to Greece he brought with him and handed down his knowledge 
to a very small group of philosophers and their disciples and it was the 


Fic. 10. 


heritage of Athenian scholars until in some way it was lost again 
when, no one knows; certainly before Rome ruled over Athens. 

I am indebted to L. D. Caskey’s book giving the dimensions in 
meters of the objects in the Fine Arts Museum of Boston. One measured 
drawing, done carefully and conscientiously, is worth to the student 
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Fic. 11.—Bronze hydria. (Metropolitan Museum, New York.) The author has 
carefully measured this hydria. The lip is considerably ‘‘out of square’ and the side 
lugs do not conform to any system of commensurable areas, as far as the writer can 
discover. The measurements and proportions are at variance with those given in 
Hambidge’s book. The slight variations from rigid symmetry in accessories while 
adhering to it in the main body give an irresistable charm to this example and seem 
to put it in the class with the Parthenon itself. 
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A 
B 
G H 


D 


Fic. 12A—Kylix signed by Tleson, Museum of Fine Arts. C being § Attic foot (see 
Fig. 10) then D being 3 C is } Attic foot. But KLO is an equilateral triangle, hence 
square GHIJ is 3 times the area of D or it is equal to } Attic foot. 
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one hundred photographs. From the dimensions on his plates I was 
enabled to make my drawings full size for study and comparison. 

My development of the system of vase design proceeded at the same 
time that the Parthenon study was in progress. Facts easily discernible 
in the vase pointed to analogies in the more obscure design of the 
temple, and reciprocally the temple design helped in the study of 
the vase. From the two the whole study unfolded. It is sti!l in progress. 
When it will terminate or where, I cannot say. The preliminary studies 
of the temple of the Erectheum and of the temple of Apollo in Arcadia 
are well advanced, and of the latter temple there are illustrations of the 
application of the squares to the architectural members and the statu- 
ary. 

The application of the standard scale to the Greek vase and archi- 
tecture is shown in the various figures. (Note that the actual sizes of 
the squares are identical in the figures.) 

To recapitulate: After a careful survey of the measurements of Pen- 
rose that apply to the Acropolis and the Parthenon at Athens, from 
those of Milchéffer applying to the city and port of Athens, from the 
map of the pyramids of Gizeh by Lepsius, and from the measured draw- 
ings of the Greek vase by Caskey, it is evident that in Hellenic art of 
the classic period, as well as in its most remote sources in a deeper 
antiquity, all dimensions in length, breadth, and thickness are deter- 
mined and placed by a uniform series of commensurable squares pro- 
gressing from a nucleus and expanding mechanically in geometrical 
progression on axes of symmetry that intersect on the nucleus. 
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A METHOD FOR THE DETERMINATION OF THE 
RELATIVE SURFACE AREAS OF POWDERED 
MATERIALS! 


By W. A. 


ABSTRACT 


The ratios of the surfaces of powders of different degrees of fineness are obtained by 
determining the relative afnounts of a radioactive substance, ThB, adsorbed on the 
surfaces of the powders. The ThB is dissolved in an ammonical solution of water or 
alcohol, and equal-weight samples of the various powders are placed in equal volumes of 
this radioactive solution. After adsorption equilibrium is complete, 10 cc. of the clear 
supernatant liquid of each sample are evaporated to dryness on watch glasses, and the 
relative radioactivities of the deposits are measured in an electroscope. Since, for a 
given concentration of radio-active solution, the degree of adsorption is not a straight- 
line function of the surface exposed, an adsorption curve must be determined for each 


material studied. 


Various methods have been proposed from time to time for obtaining 
some function that would express the degree of fineness of various pow- 
dered materials. This problem is of special interest to the ceramists, 
paint manufacturers, rubber workers, and to the various industries 
that use charcoal or other adsorbing materials. In most cases the 
results have been expressed as average particle size. But Perrott and 
Kinney? point out clearly that the term “average size’’ may have 
widely different interpretations, and must in each case be defined. 

In the various methods proposed for measuring the size of particles, 
the error is usually of necessity great and indeterminate. In some 
cases a function of the surface is measured directly, or the particles are 
assumed to be spherical or of some other definite geometric figure and 
the diameters or other lineal dimensions are measured, and from this 
the volumes or surfaces are calculated. Paneth and Vorwerk*® have 
shown that for lead sulphate the error is about 100%. For materials 
other than insoluble lead compounds the degree of error has not been 
determined. The determination of the specific surface of powdered 
materials is so far limited to those substances having radioactive 
isotropes.‘ 


1 Contributed from the Chemical Engineering Laboratory, West Virginia University, 
and the Physical Chemistry Laboratory, University of Wisconsin. Received Jan. 15, 
1925. Presented at the Annual Meeting, AMERICAN CERAMIC Society, Atlanta, Ga., 
Feb., 1926. (General Science Session.) 

2‘*The Meaning and Microscopic Measurement of Average Particle Size,”’ Jour. 
Amer. Ceram. Soc., 6, 417-39(1923). 

3‘*\ Method for the Determination of the Surface of Adsorbing Powders,” Z. 
physik. Chem., 101, 445-79(1922). 

4 Paneth and Vorwerk, loc. cit; Koehler and Mathews, Jour. Amer. Chem. Soc., 46, 
1161-64 (1924). 
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Adsorption of Thorium B a Function of Surface 


In the method presented in this paper, relative surface area measure- 

ments are made on the assumption that for a given material, presenting 
clean-cut surfaces, the adsorption of thorium B is a function of the sur- 
face, regardless of the degree of fineness of the material studied.! 
By determining with the aid of an electroscope the amount of thorium 
B adsorbed, the surface area relations are calculated. 
Definite quantities of the material to be examined are 
placed in small Florence flasks or preferably straight 
walled centrifuge tubes of about 50 cc. capacity.: To each sample are 
added 20 cc. of the radioactive solution, obtained as follows: A piece 
of platinum foil 3.5 sq. cm. on a side and attached to a platinum wire 
is placed inside a tube containing a mixture of barium bromide and 
radio thorium, the foil being so suspended as not to touch any of the 
material in the tube. The amount of thorium B collected can be 
increased by connecting the foil to the negative terminal of a 500-volt 
d.c. line. The foil is then immersed for 20 minutes in a solvent, con- 
sisting in most cases of either distilled water or of ethyl alcohol, with 
or without a few cc. of ammonium hydroxide solution. After removal 
of the foil, 20 cc. of the radioactive solution are pipetted into each 
of the tubes containing the samples. In addition, an empty tube is 
also given 20 cc. of the solution. 

Each sample will adsorb a definite amount of the radioactive material 
from the solution, the amount adsorbed being a function of the surface 
exposed. In order to hasten equilibrium, a glass rod 3x 120 mm. is 
placed in each tube, and the tubes are then placed in a shaking machine. 
The time necessary to bring about equilibrium must be determined 
for each kind of material studied; equilibrium was practically complete 
in all cases in thirty minutes. Table I and Fig. 1 show the progress of 
adsorption with increasing time. 

The tubes with the samples and the radioactive solution are then 
centrifuged until all suspended matter is thrown down and only clear 
liquid remains above. Ten cubic centimeters of the liquid are pipetted 
from each tube and placed in brass cups or in watch glasses and evapo- 
rated to dryness on a water bath. When cool, the cups or glasses are 
placed in the lower chamber of a Lind alpha-ray electroscope and the 


Procedure 


1 This still remains to be demonstrated, and may not be strictly true when compar- 
ing relatively granular with colloidal particles, but it is generally conceded by physical 
chemists that for a given material, the relative amount of adsorption is a function of the 
surface exposed. See any test on physical chemistry,as Getman, or Washburn, or Ost- 
wald’s Colloid Chemistry. 
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TABLE I 
PROGRESS OF ADSORPTION WITH TIME 
0.100 gm. quartz in each case, (100-150 mesh) 


Seconds re- Natural No. of 

Time of quired for No. of leak, div./100 sec. % 

No. shaking, leaftopass div./100sec. div./100sec. corrected ThB 
min. over scale adsorbed 

1 5 23 .3 430 3 427 21.7 
2 10 25.8 388 3 385 25.0 
3 15 28.0 357 3 354 26.1 
4 30 28.6 350 3 347 26.6 
5 60 28.8 347 3 344 26.9 
6 (blank) 10.8 928 3 925 0 


activities of the deposits on each determined. These are expressed by 
the number of seconds required for the leaf to pass over the scale of 
100 divisions (hereafter referred to as “‘seconds drop’’). 

The electroscope was carefully prepared to give accurate readings. 
Instead of the customary gold leaf, an aluminum leaf was used. By 
using a carefully selected piece of foil from which to cut the leaf, and 
taking care not to fold or kink it in the mounting, it is possible to 
mount a leaf that will consistently pass over the scale with a steady 
motion. 

The electroscope was charged by connecting its charging terminal 
to the negative terminal of a high voltage d.c. line. The voltage was 
obtained from a motor-generator set on which the voltage could be 
regulated by a rheostat over a range of 400 to 1000 volts. 

The Adsorption The adsorption of thorium B from solution follows 
Ganie the general adsorption law: As the amount of adsorb- 
ing material increases, the adsorption of the radio- 
active material does not increase in a direct ratio. The relation is 
expressed approximately by the equation of Freundlich, called the 
adsorption isotherm: 

x =amount adsorbed by unit mass of the adsorbing material 

C=concentration, at equilibrium, after adsorption 

a and m are empirical constants 


It is therefore necessary to determine an adsorption curve for each 
material studied. This is done by determining the adsorption of thorium 
B from equal amounts of solution (20 cc.) by progressively increasing 
amounts of the coarser sample. If at the same time the adsorption by 
other samples of different degrees of fineness is determined, the surface 
relations of all the samples can be determined. 


The Determination of the Ratios of the Surfaces of Various 
Samples of Quartz 


Quartz sand was ground in a ball mill and then separated with 
sieves into several fractions, but in no fraction was separation neces- 
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sarily complete. The samples were designated as follows: A, coarser 
than 40 (the unground sample); B, 100-150-mesh; C, 150—200-mesh ; 
D, through 200-mesh. These treated as described above gave the 
following data: 


TABLE II 
No. Sample Grams “Seconds drop”’ No. Sample Grams “Seconds drop”’ 
1 A 1.000 55.5 5 B 0.800 140 
2 B 0.200 13.5 6 c 0.200 95 
3 B 0.400 104 7 D 0.200 107 
4 B 0.600 126 8 ae 16 


From this table we could calculate the per cent thorium B adsorbed 
by each sample as shown in Table I, and an adsorption curve could 
then be drawn from Nos. 2, 3, 4, and 5, plotting the per cent thorium 
B adsorbed against the respective weights of the quartz, sample B, 
and on this curve, points for Nos. 1, 6, and 7 could be located and their 


|_| _ terms of B. Drawing such 
| . a per cent adsorption curve 

| : would have the advantage 


| that corrections could be 
made directly for the natu- 
++ ral leak of the electroscope as 


Time in Minutes however, the leak amounted 
Fig. 1. 


to 100 divisions in 3120 
seconds, or 0.032 divisions per second, we can readily correct for this 
leak by multiplying the “‘seconds drop”’ 


4 
by 0.032 and subtracting this product 
20 
from the uncorrected reading. If, how- c 
G: 
90 
80 
60 | 
“ce 
40 A the adsorption curve 
60+— + 2 Points located on adsorption 
ra 20 curve for determining surface 
] relations of samples 
60 | 
| | | | Grams Quartz (Sample B) 
° Points for determining 
the adsorption curve Fic. 2. 
| @ Points located on adsorption 
20+ =e 4 curve for determining surface — 
Secret ee ever, the time in seconds as given in 
40 . ~ 
ae °§ the last column is not much above 125 
Fic. 3. 


the error introduced by disregarding 
the natural leak is wel! within the experimental error. 

Instead of plotting a percent adsorption curve as in Fig. 1, we can 
plot directly the “‘seconds drop” against the respective weights of 


~ /0+ + + + + 
| 
0 + 
0 5 0 5 
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sample B. This gives the curve as shown in Fig.2. On this curve we can 
locate the points for samples A, C,and D. The curve shows that 1.000 
gm. of A has the same adsorption and therefore the same surface as 
has 0.05 gm. of B, or in other words, B has twenty times the surface 
area of A. Likewise we find that 0.20 gm. of C has the same adsorp- 
tion as 0.335 gm. B, and 0.20 gm. D has the same adsorption as 
0.425 gm. B. From these values we establish the relation: 
The surface of A: B:C:D::1:20:33.5 :42.5 


As a check, a complete second determination was made. In this, 
the weights of B for the adsorption curve could be selected more judi- 
ciously, for from Fig. 2 it is seen that it is not necessary to determine 
the curve beyond 0.5 gm. quartz, and that by doubling the amount of 
A, its “seconds drop”’ reading is brought higher on the curve. The 
results of this second determination are given in Table III and Fig. 3. 

The curve shows that 2.00 gm. of A has the same surface as 0.097 
gm. B, or B has 20.6 times the surface of A. From the second deter- 
mination the ratios of the samples are: 

The surface of A: B:C:D::1: 20.6: 35.5 : 44.8 


TABLE III 
No. Sample Grams “Seconds drop”’ No. Sample Grams “Seconds drop” 
1 A 2.000 37 6 B 0.500 88.5 
2 B 0.100 38 7 Cc 0.200 73.5 
3 B 0.200 57.3 8 D 0.200 84 
4 B 0.300 70 9 
5 B 0.400 81 


It is possible in the case of this sample of quartz to determine the 
specific surface with a fair degree of approximation. Using the unground 
sample as a basis, and assuming the 
particles to be spherical (Fig. 4) we 
can determine the area per gram. 
This could be done by the usual 
method with a microscope equipped 
with a micrometer eyepiece, but the 
writer believes the following method 
to be more accurate: 

0.100 gm. of quartz contains 286 grains of sand 
Specific gravity of quartz = 2.653 

Vol. of 0.100 gm. =0.03768 cc. 

Average vol. per grain =0.00013175 cc. 
Surface = x(6V =0.01247 sq.cm. per grain 


0.01247 x 286 =3.57 sq. cm. per 0.100 gm. 
° gram Fic. 4. 


From this we calculate the specific surface of the various samples 
to be as follows: 


| 

‘ 

| 
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A—(the unground sand) 36 C—(150—200-mesh) 1270 
B—(100—150-mesh) 735 D—(through 200-mesh) 1600 


As seen from Fig. 4, the grains of sand are not perfect spheres, and 
our degree of error in assuming them to be so is unknown. But there 
is little doubt that applying a similar or a microscopic method to the 
ground samples, the error would be very much greater. But as outlined 
above, we can determine the specific surface of silica of any degree of 
fineness and of particles of any irregular shapes with practically the 
same degree of accuracy as we can for the rounded sand particles. 


Surface of Other Materials . 


Typical adsorption curves have been obtained for the following 
materials: feldspar, zinc oxide, tin oxide, calcite, bone ash, clays, 
silicon carbide, fused alumina, silica gel, aluminum hydroxide gel, 
ferric oxide gel, charcoal, and Portland cement. 

Some substances like silica and silicon carbide do not adsorb thorium 
B from aqueous solution in measurable quantities, regardless of their 
degree of fineness. It was found that concentrated ammonium hy- 
droxide solution added to the solution of thorium B (about 2 cc. per 
100 cc. of solution) increased the adsorption by the powdered material 
to such an extent that adsorption. curves could easily be obtained. 
For substances that form hydrates or are otherwise acted upon by 
water, ethyl alcohol serves as an excellent solvent for thorium B. 


Conclusion on Method 


One would judge that the relative surfaces of all granular materials 
could be determined if an adsorption curve could be obtained. This 
is probably true of all strictly granular non-porous materials. For 
kaolin, however, although it 


T 
with water as the solvent for 
thorium B, equal weight samples 


| 
+ 


| | of different degrees of fineness 

all showed the same adsorption, 

probably due to the particles 

all slaking and breaking down 

to similar sizes in all samples. 

Using anhydrous alcohol in 

ae that has no: slaking action on 

clay, and a similar adsorption 

curve was obtained, but results for different degrees of fineness were 
erratic. The clays will require further study. 


| 
| 
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| 
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Increase in Surface (Charge = Unity) 
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The method as outlined above is limited to the relative surface 
determination of samples of the same nature. If we can determine 
the specific surface of one of the samples by one of the more laborious 
methods as microscopic measurement or sedimentation (Odén), we 
can with equal accuracy obtain the specific surface of all degrees 
of fineness of that material. If the relative adsorptive powers for 
thorium B by different kinds of material are known, then the relative 
surfaces can be determined among these various samples; and if the 
relative adsorptive power of lead sulphate can also be determined, 
then we have available a means of easily determining the specific sur- 
face of all powdered materials whose adsorptive power for thorium 
B is known. These latter problems still remain to be solved. 


Application 

It may not be amiss to give an example of an application of surface 
area measurements as outlined above. We now have ball mill studies 
in progress to determine conditions favorable for most efficient grind- 
ing. The relative efficiencies are determined from curves in which in- 
crease in surface area of the charge is plotted against number of revo- 
lutions of the mill. The curve for one condition of operation is given 
in Fig. 5. 

West UNIVERSITY 

MorGANTOWN, W. Va 


THE USE OF GEORGIA AND NORTH CAROLINA 
KAOLINS IN A SEMIPORCELAIN BODY 


By S. E. HEMSTEGER AnD W. C. Stier! 


ABSTRACT 
Tables are given, comparing properties and analyses of Georgia and North Carolina 
kaolins and two English china clays. These two domestic clays are found to be very 
adaptable to this type of body. North Carolina kaolin reduced warping of ware in the 
glost kiln, but made the body less plastic. Georgia kaolin enabled a higher flint content 
to be used, also imparted greater dry strength to the body. Since using these domestic 
kaolins, crazing has been reduced. 


There has not been a great amount of material published on the 
practical use of these two American clays. The use of North Carolina 
kaolin has been quite extensive while the use of Georgia kaolin has 
been used to lesser extent by some manufacturers of semiporcelain 
dinnerware. This paper is concerned with notes and results of the use of 
these two domestic clays in a semiporcelain plastic body for making 
dinnerware. 

Table I gives the approximate properties of Georgia kaolin, North 
Carolina kaolin, and two well known English china clays for compari- 
son. Table II gives the chemical analyses of these same four clays. 


TABLE I 
™ Drying % Firing % Total Modulus Residue © Absorption 
Name shrinkage shrinkage shrinkage of rupture on 200-mesh at cone 8 
cone 8 (dry) screen 

Georgia kaolin 3.8 8.1 11.5 132 0.53 17.59 
N. Carolina kaolin ae 4.3 6.7 25 2.96 32.69 
“A” Eng.chinaclay 2.7 8.1 10.5 41 0.20 22.38 
“B” Eng.chinaclay 4.8 10.8 1 83 0.26 15.41 

TABLE II 

Georgia N. Carolina “A” English ‘“B” English 

kaolin kaolin china clay china clay 

Silica SiO. 45.58 47 .43 41.54 41.66 
Loss on ignition 13.96 12.46 12.50 
Alumina Al.,O; 38.97 34.47 45.10 45.25 
Ferric oxide Fe,O; 0.62 0.64 0.76 0.55 
Calcium oxide CaO 0.51 0.02 0.10 Trace 
Magnesium oxide MgO 0.07 0.02 Trace 
Potassium oxide K,0 > 0.36 1.18 0.04 Trace 
Sodium oxide Na,O | 0.02 0.06 
Titanium oxide TiO, 0.02 
Phosphorus pentoxide PO; 0.04 
Moisture at 105°C 4.05 

100.00 100.06 100.02 100.02 


1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Atlanta, Ga., 
Feb., 1926. (White Wares Civision.) 
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The fired color of the North Carolina kaolin is quite good while that 
of the Georgia kaolin is very slightly inferior to the English china clays. 
This Georgia kaolin has a slightly yellowish cast. In our experience the 
American clays come with practically as good a uniformity as the 
English clays. 

Laboratory body tests using large percentages of these American 
clays proved their adaptability to this kind of body. Their use on a 
practical basis was begun and the results closely scrutinized from the 
mixing to the finished product. 

We have found these domestic clays very adaptable to a plastic 
semiporcelain body, but there are limits to their use and they necessi- 
tate a rearrangement of the body batch. Domestic clays have been 
condemned, due to their substitution for imported clays, pound for 
pound. Consideration must be taken of the fact that some of these 
clays have different physical structure and properties unlike the 
English clays. 

North Carolina kaolin produces a better colored body and has the 
property of helping to reduce warping of the ware in the glost kiln to 
a great extent. Its use is limited however, due to its rapid drying and 
chiefly its tendency to “shorten”? the body resulting from its non- 
plastic nature. The open-firing qualities of this clay can be counter- 
acted by the increase of feldspar content or higher heat in the bisque 
kiln. 

The use of Georgia kaolin has permitted increase in the flint content 
and at the same time the dry cross-breaking strength has been greatly 
increased. Since using these domestic clays, crazing has been con- 
siderably reduced, clay ware loss and bisque loss have held at a low 
point and glost thirds have been greatly decreased. Any slight 
inferior color, due to the Georgia kaolin, can be counteracted by a 
slight increase of the cobalt stain content. 


Mr. CLEMENS Potrery Co., 
Mt. CLEMENS, MICH. 
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THE MECHANISM OF SPALLING! 
By F. H. Norton? 


ABSTRACT 


A study has been made of the stresses and fractures developed in a solid when 
rapidly heated or cooled. The stresses were measured in bakelite specimens by the 
photoelastic method. High stresses in all cases were found to occur near the surface of 
the solids, but no high tension stresses were present when the specimens were being 
heated. A number of vitreous clay spheres and bricks were heated and cooled rapidly 
and the nature of the cracks was noted. In practically every case the fractures occurred 
as predicted from the measured stresses. Torque-deflection curves were obtained for a 
number of fire brick in torsion at different temperatures. The-temperature at which 
plastic flow occurs for every material tested was approximately the same as the tem- 
perature of the initial deflection under compressive loads in a standard load test. 


I. Introduction 


In a previous article’ I developed a theory of spalling based on the 
assumption that all spalling fractures were due to shear stresses. The 
validity of this assumption has been questioned on a number of occa- 
sions, but there seemed to be little or no data available to show the 
type of temperature stresses occurring in a solid. Therefore, to inquire 
more closely into the mechanism of spalling and the applicability of the 
previous theory, the stresses and the method of fracture were studied 
on a number of solids under varying temperature conditions. Hereto- 
fore, spalling has generally been measured by a number of cycles of 
heating and cooling, and generally no distinction has been made be- 
tween the stresses due to heating and the stresses due to cooling. 
As it seemed quite probable that the stresses on heating would be 
different from those on cooling, the two have been separated in the 
following tests by heating suddenly and cooling very slowly, or by heat- 
ing slowly and cooling suddenly. 

If the fracture due to temperature changes is caused by shear 
stresses, then according to the theory just referred to, the spalling, S, 
of a material is proportional to: 


A 


he 
where A =the coefficient of expansion 
“or . 1 
h =the (diffusivity)? 
@ =the maximum shearing strain 


On the other hand if a fracture is caused by tension stresses the 


1 Received March 20, 1926. 
2 Babcock & Wilcox Fellow, Division of Industrial Coéperation and Research, 


Mass. Institute of Technology. 
3 “A General Theory of Spalling.’’ Jour. Amer. Ceram. Soc., 8[1], 29-39(1926). 
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tendency to spall is given by the formula of Winkelmann and Schott"! 
where 


bvk 
Ev/pc 
S =the tendency to spall A =the coefficient of expansion 
p =the tensile strength E =the modulus of elasticity 
k =the heat conductivity p=the density 


c =the specific heat 


It will be seen that this equation reduces to the same form as the 
one given above because: 


Vk 
h=— 
V pc 
and the maximum tensile strain: 
p 
E 
therefore 
A 
S=- 
he 


The manner in which a brick will spall, assuming no compression 
failure, depends on the relative value of the maximum shear and tensile 


stresses and on the ratio g for the material used. 
e 


The value of the stresses can be determined by the photoelastic 
method as described later. The value of e and ¢ for brittle materials, 
especially at high temperatures, is not easy to determine. Attempts 
have been made to measure @ by applying torsion to a square bar but 
it is not certain that the fractures are due to shear stresses for the break 
is often on a 45° spiral, indicating a tension rather than a shear failure. 
It seems reasonable to believe however that the ratio of ¢ : e isapproxi- 
mately constant for brittle materials such as occur in ceramics. It 
is quite possible however that the ratio might change when the tempera- 
ture is sufficiently high to make the material somewhat plastic. 


II. The Distribution of Temperature Stresses in Solids 


The distribution of stresses in solids has been studied recently by 
the photoelastic method where the stress distribution is too complicated 
for mathematical analysis. This method has been used for such prob- 
lems as measuring the stress distribution in eye-bolts, hooks, gear 


“Ueber thermische Widerstandskoeffizienten verschiedener Glaser in ihrer Ab- 
hingigkeit von der chemischen Zuzammensetzung,” Ann. der Phys. u. Chem., 51, 730 
(1894). 
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teeth, and ship hulls, but it has been used little if any, for the measure- 
ment of temperature stresses. This particular investigation of tempera- 
ture stresses was carried out by Dr. Paul Heymans and T. H. Frost in 
the Photoelastic Laboratory, Department of Physics, at the Massa- 
chusetts Institute of Technology. 

As the photoelastic method is not generally understood, and most 
of the descriptions are of a rather mathematical nature, it is believed 
that a brief description of the photoelastic theory will not be out of 
place here. The method is based on the fact that when a beam of 
polarized light is passed through an isotropic substance without strain 
the beam is unaltered, but when the substance is strained it becomes 
anisotropic and the beam suffers double refraction and is split up into 
an extraordinary and an ordinary ray, which when turned into the 
same plane by an analyzer, interfere and produce bands of color. The 
phase difference between the interfering rays is proportional to the 
amount of stress in the material and the stress optical constant for 

that material. 


A 8 Cc G 
Mode used for making 


photoelastic studies 
is shown in Fig. 1. A 
is a source of white light which is brought into a parallel beam 
by the lens, B, and is then circularly polarized by the nichol prism C. 


Fic. 1.—Apparatus for photoelastic measurement. 


The circularly polarized beam then passes through the specimen D 
under test, through the analyzing nichol, E, and is focused by the objec- 
tive, F, onto the ground glass of the camera, G. When an unstrained 
specimen is in place, its image appears entirely of a neutral tint, but 
when stresses occur, colored bands appear covering the whole range of 
the spectrum, and if the stresses are high these bands will be repeated a 
large number of times in spectra of different orders. 

These bands do not represent the stresses directly, but only the 
difference between the two principal stresses, p and g, because the colors 
are caused by the path difference of the two rays formed by the princi- 
pal stresses, p and g. If a line be drawn over the image along one band 
of color, it will be known as an isochromatic line and will represent 
a line of equal maximum shear; for the maximum sk<_r is proportional 
to one-half the difference of the principal stresses. 

So far we have obtained only the values of the shear stresses. To 
obtain the separate values of the principal stresses we must know their 
direction at every point. We can obtain this information from the 
isoclinic lines which are lines of equal direction of principal stresses. 
These lines are obtained with plane polarized light in place of circularly 
polarized light, by rotating the analyzer through various angles so that 
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the isoclinic lines, which appear as dark bands, can be determined 
from the image. The values of the principal stresses can be obtained 
from the isochromatic and isoclinic lines by the method described by 
Professor Filon.' 

To study the temperature stresses it was considered necessary 
to use models of a material having a high stress-optical constant, 
as the temperature stresses are relatively low. For this purpose, sheet 
bakelite about 10 mm. thick was 


used. This material was as free as 


Steam or 
possible from initial stresses, although 
there was aways some _ coloration 
in the unstressed model. The speci- Ce 
mens were accurately cut to the memosser 
proper size and mounted as shown Opticelty Bakelite Goss 
in Fig. 2, in a brass holder through I pom Se ings 
which steam or ice-water could be 
passed. In order to prevent the [| eessrmmr N 
expansion or contraction of this 
holder from interposing stresses on reat 
the model, a layer of metal filings tt 
was placed between the edge of the " 
model and the holder in such’ a Fic. 2.—Constant temperature 


way as to allow rapid conduction chamber. 
of heat but no transfer of pressure. 

The model and its holder were mounted in a chamber which was 
maintained at a constant temperature of 50°C by means of a thermo- 
stat, and the beam of light passed through optical glass windows at 
the end of the chamber. The method of conducting the test consisted 
in adjusting the model in the constant temperature chamber and 
allowing it to remain there until it had reached equilibrium, then 
either steam or ice-water was allowed to flow suddenly through the 
holder. The development of the isochromatic lines was then carefully 
watched on the ground glass of the camera. In about 45 seconds the 
stresses had reached their maxima at which time an autochrome 
plate was slipped into the camera and an exposure taken. Immedi- 
ately afterwards the isoclinic lines were observed and sketches made 
of them. Autochrome plates were also taken of the unstrained specimen 
to determine the initial stresses. 

From these plates and sketches and the constants of the bakelite, 
the stresses were computed. The precision of these measurements 
was not great, due to the rapidity with which the stresses changed 


1 Engineering, Oct. 19, 1923. 
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and to the initial strains which were present in most of the models. 


For this reason it is not believed that the absolute values of the stresses 
have been determined to much better than +20%. However, the 
distribution of the stresses, which is what we are most interested in, 


should be relatively more precise. 
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Fic. 3.—Mounting of the models. 


The first object ex- 
amined was a sphere 
because of its sim- 
plicity. Its model 
(I, Fig. 3) was made 
out of sheet bakelite 
in the form of a 
disk approximately 
70 mm. in diameter. 
In the first test the 
temperature around 
the edge was sud- 
denly increased from 
50 to 100°C and in 
the second test it was 
suddenly decreased 
from 50 to 0°C. The 
isochromatic lines be- 
gan at the edge and 
gradually worked in 
until they reached 
their maximum num- 
ber. In all cases the 
isochromatic lines 
were concentric with 
the center of the 
disk. 

The second speci- 
men to be tested was 
a brick heated on one 
end. A model (II, 
Fig. 3) was made of 
bakelite approxi- 


mately 37 x 75 mm. The edge was heated and cooled as before. 

The third specimen was a brick, a model (III, Fig. 3) of which 
was identical to the preceding one but in this case it was heated on 
the end and one-half the way up each side to more or less simulate the 


conditions in a spallingytest. 


| 
i 
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The fourth specimen tested consisted of a brick compressed lightly 
between other similar brick all of which were heated on the ends as 
shown in IV, Fig. 3. This was to simulate conditions in a wall. 


Intensity of Radiat 
Stresses 


‘atensity of Maximum Intensity of Direction of Direction of 
Shearing Stresses Tangential Stresses Principal Stresses Shear Stress 


SURFACE HEATED 


Intensity of Radial 
Stresses 


Intensity of Maximum Intensity of Direction o 
Shearing Stresses Tangential Stresses Principal Stresse hear 


SURFACE COOLED 


Fic. 4.—Stresses in a sphere. 


In the fifth case the model was identical with the preceding one 
except the sides of the model bricks were slightly relieved 4} of the 
distance from the end as shown in V, Fig. 3. This was done in order 
to determine the effect of allowing the heated end of each brick to 
expand and contract without restraint. 

The results of this stress investigation are plotted in Figs. 4 to 8. 
It was believed that the stresses could be portrayed most clearly 
by showing a cross-section of the specimen and plotting upon it lines 
of equal stress. This has been done for the maximum shearing stress, 
the resultant tension and compressive stresses, normal and parallel 
to the longitudinal axis of the specimen. It should be noticed that these 
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resultant stresses are identical with the principal stresses throughout 
most of the area of the specimen and only differ from them in 
the corners where 


the direction of the 
principal stresses is 
altered. The resul- 
rs tant stress in any 
> desired direction is 
obtained from the 
equation: 
R=p sin*’a+q cos*a 
where 
R is the resultant stress 
SURFACE T 
HEATED p and q, the values of 
the principal stresses 
a a, the angle between the 
Intens of of Direction of Direction of principal stresses and 


the Center line 


The values for the 


| = J wavs stresses are the values 
obtained on the bake- 
ix <> lite model with a 
temperature change 
of 50°C and have no 
on on relation to the abso- 
p+ > lute values of stress 
\ jf soccurring in a refrac- 
tory. All that is in 
x ><> the curves is the dis- 
a wes. tribution of stress in 
> > 
RSS the model. 
The direction o 
Intensity of Intensity of Direction of ; Direction of 2 
Maximum Shear- Stresses Para/tle/ Principa/ Shear the shearing and the 
ing Stresses and Normal to Stresses Stresses 
the Center Line principal stresses is 


SURFACE COOLED 
Fic. 5.—Stresses in a brick. 


also shown in the 
figures in order to 
correlate the direction in which the stresses act with actual fractures 
described later. 

In all of the figures compression stresses have been arbitrarily desig- 
nated as positive, and tensile stresses as negative. There has been no 
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sign attached to the shearing stresses as it would have no significance 
in this problem. 

Case I represents a section through a sphere. On heating, high 
compressive stresses are developed near the surface in a tangential 
direction but these rapidly diminish to zero at about one-fourth of the 
distance toward the 
center, leaving ten- 
sional tangential 
stresses in the central 
area of rather small 
magnitude. The 
radial stresses which 
are zero at the sur- 
Jace slowly increase 
toa maximum at the 
center where they are 
of the same magni- 
tude as the tangential 
stresses. It will there- 
fore be seen that the 
center ofthesphereis /rtensity of Intensity of Direction of Dire Wen of 

Maximum Shear- Stresses Para/le/ Principal Shear 


under a negat ive ing Stresses and Normal to Stresses Stresses 
the Center Line 


static pressure as the 


stresses are equal in — — 
all directions. The 
shearing stresses are 

a maximum at the 

surface where they 

have a direction 45° 

from aradius. These 

stresses gradually 

diminish until they 

reach zero near the 

center of the sphere 

which naturally fol- 

lows from the fact 

that principalstresses 
are equal in _ this 

region. When the “ 
sphere is cooied at 

the surface the a 

stresses are approxi- 

mately the same as in the preceding condition but with a reversed 


/to Stresse Sfresses 


Stresses in a brick. 
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sign. Here the skin of the sphere is highly stressed in tension while the 


ing stresses have the same direction and 


SURFACE 


HEATED 


Intensity f Intensity of Direction of Direction of 
Maximum Shear- Stresses Paralle/ Principa Shea 
ing Stresses and Norma/ to Stresses Stresses 
the Center Lin, 
of 
| 2 400+—— 500 — 
Intensity of Intensity of Direction of Direction of 
Maximum Shear- Stresses Para//e/ Principal Shear 
ing Stresses and Norma/ to Stresses Stresses 


the Center Line 
SURFACE COOLED 


Fic. 7.—Stresses in a wall. 


interior is compressed equivalent to a hydrostatic pressure. The shear- 


approximate magni- 
tude as for the condi- 
tion of heating. 

In Case II a brick 
is represented with 
temperature changes 
occurring only on the 
end. In the condition 
where the end is sud- 
denly heated, the 
shearing stresses 
reached a maximum 
of 1000 pounds per 
square inch at the 
center of the end and 
smaller maxima ap- 
pear a short distance 
up the sides of the 
brick. The direction 
of these shearing 
stresses are 45° from 
the axis of the speci- 
men. The resultant 
stresses normal to 
the longitudinal axis 
reached a value of 
1800 pounds per 
square inch (com- 
pression )at thecenter 
of the end and 
reached a zero value 
about two-tenths of 
the distance up the 
axis. There is an area 
of tension in the 
center of the brick. 
The stresses parallel 
to the longitudinal 


axis, as we should expect, are small and occur a short distance up the side 
of the brick. Under the conditions where the brick is cooled the stresses 
are distributed in much the same manner except that they are slightly 
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lower and have the opposite sign giving a maximum tension of 1200 
pounds per square inch at the center of the end. 

In Case III the brick is heated on the end and part way up the sides. 
This method of heat- , 
ing increases’ the | 
shearing stresses at | 
the sides of the brick | 
to 1000 pounds per | KAN, 
square inch and de- 

| 
| 
| 
| 
| 
| 


creases them on the 
end to 500 pounds per 
square inch. It is also 
interesting to notice 
that the direction of 
the principal stresses 
has been considerably 
changed at thecorners 
of the brick, resulting 


S888 Aq HEATED | 


\ 


stresses. This fact is 
of importance as will 
be shown later when | 


the fracturing of a | 
| 


— 


brick is discussed. 
The resultant stresses 
normal to the axis are KX 
considerably de- 
creased and a smaller | | Waves 
negative area is ob- , 


served. The result- x 
| y 4 
ant stresses parallel | 
to the axes are in- og 
creased to 1600 
ounds per square 
P P q e Intensity of Intensity of Direction of Direction of 
inch and the negative saximm Shear Stresses Parallel Principa hear 
ing Stresses and Norma/ to Stresses Stresses 
area is considerably the Center Line 
: SURFACE COOL 
augmented. Under 


Fic. 8.—Stresses in a wall. 
the conditions of 


cooling the distribution of stresses is similar except that the sign is 
changed; however, it will be noticed that there is a small region of 
stress at the corners under these conditions which does not appear 
in any other test. 
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In Case IV the specimen represents a brick held between other 
similar bricks as in a wall. The shearing stresses reached a maximum 
of 900 pounds per square inch at the end and were nearly constant 
across the end of the brick. The resultant stresses normal to the axis 
reached 1600 pounds per square inch at the end. The resultant stresses 
parallel to the axis are quite small due to the fact that the isothermal 
lines are nearly parallel to the brick. The conditions of cooling give 
similar stresses but with opposite sign. 

In Case V, the end of the brick is free from its neighbors 
which prevents transference of stress from one brick to another but 
makes the isothermal lines nearly parallel to the surface. On heating, 
the shearing stresses occur only at the heated end but differ from the 
preceding case in becoming zero at the corners as we should expect. The 
resultant stresses normal to the axis are rather small as they only 
reach 1000 pounds per square inch. The resultant stresses parallel to 
the axis are zero in all cases. Under the conditions of cooling the stresses 
are the same except for the change in sign. 

We may conclude from the preceding results 
that: 

1. The stresses set up in a solid by suddenly 
heating the surface through a certain temperature 
interval are of the same order but of opposite sign 
from those set up by cooling the surface through 
the same temperature difference. In the preceding 
experiments the heating stresses are uniformly 
higher than the cooling stresses but this is due 
undoubtedly to the fact that the temperature was raised much more 
suddenly by steam than it was reduced by ice-water. 

2. There are no high tensile stresses developed on sudden heat- 
ing. 

3. The maximum shearing stresses are approximately equal to 
one-half the maximum resultant stresses. 

4. The resultant stresses are generally low at the corners and the 
interior of the specimen but reach their highest values along the 
heated sides at a distance from the corners. 


Fic. 9.—Cracks in 
suddenly heated 
sphere. 


III. Spalling Fractures 


A number of spheres were made up of finely-crushed grog and 
fire clay and fired at such a temperature as to make them vitreous. 
The diameter of these spheres was approximately 100 mm. and although 
care was used in molding them, they were not entirely free from 
flaws and laminations. In the first test, a sphere was suddenly intro- 
duced into a furnace at a temperature of approximately 900°C and 


MECHANISM OF SPALLING 457 
after it had attained a uniform temperature it was allowed to cool 
slowly with the furnace. This procedure was repeated twice and then 
the sphere was examined for cracks which had de- 
veloped during the sudden heating. 

While there were a number of irregularities due 
to laminations in the spheres in general, the system 
of cracks was quite definite as shown in Fig. 9. A 
segment of the sphere having a height of about one- 
third of the radius was split off so that the angle 
between the plane of the fracture and the plane 
tangent to the surface of the sphere at the point of 
fracture made an angle of 45°. From this fracture 
other cracks had developed which in turn made 
the same angle with a tangent to the surface of the sphere. Some 
of these main divisions or segments were also cracked into smaller 
pieces more or less at random, but in nearly every case the cracks 
entered the surface at an angle of 45°. In Fig. 10 is shown a view 
of the same sphere with a segment removed and it will be noted 
how the remaining cracks followed this same system. 

Referring to the diagram showing the stresses developed in a sphere 
on sudden heating, it is noted that the surface is in compression, which, 
in itself, would not cause fracture in this material. Therefore the 
cause of the fracture must be due to shearing stresses and this is con- 
firmed by the fact that their direction coincides with the direction of 
the maximum shear stresses, which as shown from Fig. 4 approach 
the surface at an angle of 45°. 

Another sphere of the same kind was slowly heated in a furnace to 
900°C and then brought suddenly out and allowed 
to cool in still air. This cycle was repeated twice 
and the development of cracks observed. In Fig. 
11 are shown the principal fractures on the surface 
of the sphere and it will be at once evident that in 
general they follow great circles. The fractures ex- 
tend into the sphere at an angle of 90° to the surface 
and divide the sphere into a number of parts. This 
type of fracture is distinctly different from the pre- 


Edge of 
Cap. 


Fic. 10.—Top view 
of sphere in Fig. 9 with 
cap removed. 


Fic. 11.—Cracks in 
sphere. ceding one and is due undoubtedly to tension 


stresses set up in the surface of the sphere by 

the sudden cooling. These stresses are tangential and would tend to 
fracture the sphere in the observed manner. 

A brick was made up of the same material as the sphere and was 

suddenly heated as before for about one-third of its length. After three 

cycles the development of cracks was observed. As shown in Fig. 12 
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the cracks tended to run across the corners of the brick and in practi- 


HEATED END 
Fic. 12.—Cracks in 
suddenly heated 
brick. 


cally every case entered the surface at an angle of 
approximately 45°. It was also noted that the frac- 
tured surface when near a corner was cylindrical or 
spherical as shown for typical spalls in Fig. 13. 
Under these conditions of heating the stresses caus- 
ing fractures were undoubtedly shear stresses as 
the lines of fracture follow very closely the lines of 
shear stresses as shown in Fig. 6. Even the curva- 
ture at the corners is closely followed. 

A similar brick was heated slowly and cooled 
rapidly under the same conditions as for the sphere. 
The type of fracture observed in this case was en- 
tirely different from the preceding case as shown in 
Fig. 14. Here the fractures entered the surface at 
right angles and tended to divide the brick up into 
cubes although there were some irregularities due 
to laminations in molding. Here the spalling is due 


undoubtedly to the tension stresses developed at the surface. At the 
edges and corners, shear fractures were also observed in some cases. 
This is due to the fact that even 


on rapid cooling the shear stresses 
are greater than 


HEATED END 
Fic. 14.—Cracks in 
suddenly cooled 
brick. 


the tension 


stresses at the corners. wa j 


Iriginal Surtace 


It was ob 
served in both 
the case of the sphere and the brick that the frac- 
tures due to rapid heating occurred rather suddenly, 
that is, the piece was split off instantaneously; 
while in case of the tension cracks under quick 
cooling conditions it was noted that the cracks 
started at the surface and penetrated deeper into 
the brick at each cycle until finally two cracks met 
and separated a piece. 

It might be interesting to consider the cracks de- 
veloped in a brick subjected to the usual spalling 
test where it is heated on the end and part way up 
the side in a furnace and then cooled in the same 
way in an air blast. In Fig. 15 there is shown a 
typical brick after it has been through a number of 
heating and cooling cycles. It will be noted that 


Fic. 13.—Typical spalled fragments. 


the lower end and corners have lost pieces in such a way as to leave 
an approximately spherical surface. It will also be noted that half- 
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way up the brick there is a crack dividing it squarely across. It 
seems quite probable that the spalling of the lower end of the brick 
is due to shear stresses; first, because the shape of the surface cor- 
responds with the direction of the maximum shearing force, and second, 
because the fracturecorresponds 
with those produced when a 
brick was subjected to sudden 
heating alone. On the other 
hand the crack across the 
center of the brick is prob- 
ably due to tension stresses rack 
which are maximum at this 
point and are due to the cooling. (| 
In Fig. 16 is shown a typical 
spalled brick taken from a fur- 
nace wall. It will be noted that 
the main fractures run at 45° to 
the surface of the wall and tend 
to split off the corners of the 
brick. There can be little doubt | 

| 

| 

| 

| 

| 


\ > 
\ 
~ 


HEATED END HEATED END 


that this spalling is due mainly 
to theshearing stresses. Another 
type of spall often noticed in 
bricks removed from the wall is coal a 
shown in Fig. 17. This is very ; | 
similar to the last case except- | | 
ing a short crack in the center 
of the brick which connects with |, | 
the 45° fractures. The crack in . } | | 
the end of the brick is probably | ~~ | 


| 
due to tension stresses which, | 
HEATED ENO MEATED END 


as can be seen from Fig. 7, are Fic. 15.—Brick from spalling test. 
maximum at this point. The 16, 17, and 18.- 
other fractures, as in the previ- 
ous case, are caused by shearing stresses. It cannot be definitely stated 
in this case which is the primary form of failure. 

Another type of spall in service is the separation of a thin layer of 
brick as shown in Fig. 18. This is generally due to the vitrification of the 
surface which being more rigid than the original brick, easily cracks off. 


Brick from furnace‘wall. 


IV. The Flexibility of Bricks at High Temperatures 


The flexibility of brick in shear was measured for a number of 
specimens at the low temperature of 500°C in a previous investi- 
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gation.' Since then, similar tests have been made by Booze and Phelps? 


at temperatures up to 800°C where plastic flow began. 


Scale and 
Pointer 


Fic. 19.— Machine for making hot torsion test en 


refractories. 


Itseemed desirable to 
make further tests of this 
kind on other bricks, so a 
more powerful testing ma- 
chine was constructed as 
shown in Fig. 19. The 
specimen was 23 inches 
square and 9 inches long 
and was cemented into 
heavy cast-iron holders 
which were watercooled. 
One of the holders was 
mounted on a self-aligning 
ball bearing with a mo- 
ment arm and a sliding 
weight. A small furnace 
was built around the speci- 
men and temperatures as 
high as 1550°C could be 
obtained over thespecimen 
without difficulty. <A test 
could be made by main- 
taining a steady tempera- 
ture and increasing the 
moment until the desired 
deflection was obtained or 


a constant moment could be applied, and the temperature gradually 


raised as in the standard load test. This latter procedure was followed 


in making the curves shown in Fig. 20. 


Plastic flow began for the Missouri and Pennsylvania brick at 


approximately 900°C and they deflected rapidly above 1100°C. On 
the other hand the kaolin brick showed very little deflection up to 
1350°C but began to deflect rapidly at 1500°C. It is quite possible that 


a kaolin brick had no real deflection below 1300°C, as the deflection 
indicated might have been due to a deflection of the cement or holder. 


1 “A General Theory of Spalling,”’ loc. cit., 


8 


29-39(1925). 


2 “A Study of the Factors Involved in the Spalling of Fireclay Refractories with 


Some Notes on the Load and Reheating and the Effect of Grind on Shrinkage ,’’ Jour. 


Amer. Ceram. Soc., 8, 361~-82(1925). 
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In all of these tests the load was sufficient to give a maximum shearing 
stress of 25 pounds per square inch in the specimen. 
When the temperatures at 


0 
which rapid deflection occurred 4-44 
in this test are compared with 5° { ist 
the temperatures at which de- ©, 
flection began in a standard load zo 
test, it was noticed that they 5** +3 sts 
were almost identical. 
It seems reasonable to suppose 4 36) 
that spalling cannot take place at «o,— 200 400 600 800 1000 1200 1400 1600 
Degrees C 
temperatures above the region 9 
where plastic flow occurs, for Fic. 20.—Torsion characteristics for 
’ 


various bricks. Deflection vs. temperature 


under these conditions large 
under constant load. 


stresses could not be set up. 


This is confirmed by observation, as spalling almost always occurs be- 
tween 400 and 600°C for fireclay materials. 


V. Conclusions 


From the preceding investigations the following conclusions may be 
derived: 


1. Spalling fractures are caused both by shear and tension stresses. 


2. Spalling which occurs on rapid heating is due entirely to shear 
stresses. 

3. Spalling on cooling is due mainly to tension stresses and to a 
small extent, to shear stresses. 

4. There are no large tension stresses on sudden heating. 

5. The shear stresses are about equal on either heating or cooling 
and are about one-half the value of the maximum tension or compres- 
sion stresses. 

6. Shear fractures occur suddenly near the edges and corners of the 
solid and cracks enter the original surface on the lines of shear, that is, 
at about 45° to the surface. Close to the edges and the corners the 
fractured surface is curved slightly like the lines of shear stress. 

7. Tension fractures appear across the bricks in parts remote from 
the corners due to concentration of tension stresses at these points. 
They start at the surface and penetrate deeper and deeper into the 
solid with each cycle of cooling. In general, the fractures follow the 
lines of principal stress and enter normal to the surface. 

8. Fireclay bricks show plastic flow in shear at approximately the 
same temperature as they show deflection in a compression load test. 


REQUIREMENTS OF REFRACTORIES FOR MANUFACTURED 
GAS PLANTS! 


By Sanprorp S. Coie? 


ABSTRACT 


The requirements of the refractories used in gas producers, water gas sets, horizontal 
retorts, vertical retorts, and gas and coke ovens are discussed with respect to the specifica- 
tions which the material must necessarily meet to prevent failure of the installations. 
Illustrations show various types of installations and details of certain refractory shapes 
employed. The temperatures encountered in various portions of the carbonizing cham- 
bers, flues, and regenerators give a fair idea as to the duty which the fire brick must meet 
in operation. 


Introduction 


The manufacture of artificial gas by heating coal to form coke has 
been practiced since 1802, when it was made practical by Murdock 
at Soho, England. Some of the original principles are still employed, 
but in general the by-product gas oven is replacing retorts in larger 
installations in this country. The production of gas by means of the 
gas oven is steadily increasing because of the superior grade of coke 
which is produced in these ovens and because of other advantages which 
they possess. The gas oven has been designed with the same underlying 
principles and general construction as the by-product coke oven used 
in the steel industry. 

The refractories used in gas manufacture are dependent on the type 
of installation and the way in which it is operated. As to types of 
installation, there are four general classes, viz., the gas producer or 
water gas set; the horizontal retort; the vertical retort (intermittent 
and continuous); and the gas oven. The general construction of these 
various types will not be considered in detail nor the exact method of 
operation described, but the requirements and service expected of the 
refractories will be discussed. 


Water Gas Sets and Gas Producers 


The water gas machine is being used today for production of about 
60% of the gas manufactured for domestic consumption. In this 
machine, the brick are subjected to fairly high temperatures, the 
highest being 1300-1400°C. The brick are also subjected to changes 
in temperature in the reversal of air and steam, and in clinker removal. 
To remove the clinker, the doors at the bottom are opened and spalling 


1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Atlanta, Ga., Feb., 
1926. Received Dec.10, 1925. (Symposium on Gas House Refractories). 
2 Industrial Fellow, The Koppers Company Laboratories, Mellon Institute, Pitts- 


burgh, Pa. 
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is apt to occur by the cooling effect of the outside air. The clinker is 
sometimes broken by quenching with water. The brick are also apt 
to be injured by blows from the clinker bar. Furthermore, the brick 
are somewhat attacked by the coal ash slag. 

The brick used in the lining of the machine must be fired to a tempera- 
ture which will give them a low percentage of expansion or contraction 
on reheating to 
1410°C. Thereason 
for this is that when 
set up in the shell 
a very close fit is 
effected and the 
brick are set so that 
joints are gas tight. 
If the brick shrank 
or expanded over 
the amount allowed 
for in setting the 
lining, either cracks 
would occur or else Fic. 1.—Eleven foot ‘Western Gas” water gas set. 
the lining would 
buckle due to excessive expansion. The brick must be able to withstand 
a load of 25 pounds per square inch to 1350°C according to the A.S.T.M. 
method. The brick should have a rather coarse texture, should be 
fairly porous, and should give a high value on the spalling test. It has 
been found good practice to use brick which have a fusion point 
of Orton cone 29, less than 5% linear shrinkage under load to 1350°C, and 
less than 1.5% linear shrinkage on reheating to 1410°C. The brick, 
“‘as received,” should withstand at least ten dips according to the 
A.S.T.M. spalling test and seven dips after reheating to 1410°C. The 
lower the ferric oxide the better will be the resistance to carbon 
monoxide action. The mortar used to set up the brick should have 
a fusion point of Orton cone 28 and should be finely ground and 
evenly mixed. The blocks used in certain portions of the set occasion- 
ally offer difficulty in molding and drying, but key blocks and key brick, 
and 9-inch straight brick compose the largest portion of the lining. 

In the carbureters and superheaters the brick are subjected to 
temperature changes which are liable to cause spalling. The tempera- 
ture is generally not severe and a medium grade of brick is used for the 
walls and checker work. In the checker work there is a heat exchange 
rate to be considered and a brick which absorbs and releases heat most 
rapidly is desirable. The oil sprayed into the carbureter is also apt to 
cause spalling of the brick by the sudden change in temperature. 


Sertional View of Standacd “WESTERN” Warer Gas Mochine 
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However, all the brick are not struck by the oil spray and therefore 
the entire mass of brick work is not endangered by spalling failure from 
this source. 

The refractories used in the settings of the carbureter, superheater, 
and generator are usually re-pressed, soft mud brick of the same type 
as are used for regenerator brick in the coke ovens and open hearth 
steel furnaces. Extensive research has been done recently upon the 
use of carborundum in water gas sets. A block has been developed 

which has shown an im- 
| over former re- 


an fractories and a saving in 
| operation costs. The brick 
| in the generator are sub- 
| jected to the most severe 
service in the whole equip- 
ment and should have a 
smooth surface and be true 
to shape. Thus the ash and 
clinker attack will be re- 
duced. Since the machine is 
of a definite size the brick 
must fit exactly and have as 
thin a joint as is practical. 

In the straight gas pro- 
ducer a heavy duty brick is 
not required, although the 
refractory should give a 
good spalling test. In 
general, it may be said that 
the brick and shapes used in 
gas producers should have a 
fusion point above cone 27, 
and should stand eight or 
more dips on spalling test. They should be of a rather porous structure, 
should be fired to a temperature 100-200°F higher than will be met in 


e 
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Fic, 2.—General arrangement of Koppers- 
Kerpely gas producer. 


the producer and should be as low as possible in Fe2O; content. In the 
gas producer the refractory lining must be able to withstand any 
abrasion due to poking or stirring of the charge. 


Horizontal Retorts 


In horizontal retort practice, different problems are met and several 
kinds of refractory materials are required. The retorts themselves 
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may be of several types, viz., the one-piece hand molded, machine 
molded or cast retorts, the aluminous segmental retort, and the seg- 
mental retort with the lower half of aluminous fire clay and upper 
of siliceous, or silica fire brick. The general tendency of today is to 
use as much silica as possible in the retort. The salts in coal have a very 
marked corrosive action on the clay retort, and furthermore such a 
retort will not withstand so high a temperature as will silica. The 
action of ash usually does not commence until 1300°C is reached. 
The deposits of carbon and ash are removed by scraping or scurfing 
and the refractory must be able to withstand abrasion. The retorts 
vary in thickness but are generally from 23 inches to 4 inches thick. 

The temperature requirements of the shapes are high and the strength 
under load should be that of first quality brick. In England the retorts 
are sometimes glazed on the interior, but this has been found to be 
unnecessary since the carbon deposit makes the walls gas tight. 

There are manufacturers of retorts in this country who wash the 
inside and exterior of the finished piece with a slip made of the same 
material as is used in the 
batch mix. This washing is 
done in order to prevent gas 
leakage before the walls 
have become carbonized. 
This practice is not per- 
mitted in England without 
the consent of the engineer 
in charge of construction. 
The carbon formation often 
works into small cracks in 
the fire brick or silica and 
when scraped the carbon 
sometimes pulls away pieces 
of the refractory. An ex- 
ample of this is shown in 
Fig. 3 of a piece of wall carbon. This enlarged cross-section (4X) 


Fic. 3.—Cross-section of silica brick chip and 
carbon from oven wall. Enlarged 4 xX 


also shows a deposit of carbon in the pores of the silica brick. 

The aluminous retorts are usually made from a mixture of plastic 
fire clay, flint fire clay, and “‘bats.’”’ The siliceous retorts are ganister 
and clay mixed together, the clay serving as a bonding agent. The 
silica content of the mixture varies from 87-92%. All refractories should 
be fired to a temperature higher than will be reached in the carboniza- 
tion of the coal so that there will be no excessive shrinkage or expansion. 
Silica retorts should be fired to a temperature of about 1450-1500°C 
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so that a nearly complete inversion of quartz to cristobalite and tridy- 
mite will occur. The consumer should give the manufacturer a fairly 
clear idea of the heat duty which the refractory must meet, and by 
this means a manufacturer can produce fire brick which will serve 
the user’s needs and give satisfaction. 

Silica and quartzite (siliceous) brick are used to a large extent in the 
arch of the combustion chamber. The ability to withstand the heat 
under load makes the silica a very desirable material. Fireclay brick 
and shapes are used for the 
shields and supporting walls 
on which the retorts rest, 
and for the recuperator 
blocks. 

Figure 4 shows a setting! 
which had given 2,150 days 
of operation. The combus- 


tion chamber was of silica 
and the balance of fire clay. 
A setting which has over 
3,000 days’ life is considered 
to give very good service. 
The retort settings are 


Fic. 4.—Bench of horizontal retorts having 
supporting walls of silica. 


operated at a high temperature to give rapid gasification. The tem- 
perature in the combusion chamber and around the retorts is from 
1300-1400°C (2372—2552°F). The molded retorts tend to crack after 
a comparatively short time owing to stresses and strains which are set 
up. Since there are no joints to relieve the strains, cracks naturally 
form. The segmental retorts have joints which are supposed to take 
up any distortion that may occur. 


Vertical Retorts 


Vertical retorts for the carbonization of coal are being used to some 
extent in this country and quite extensively in Europe. The types of 
refractory lining for these are undergoing a change due to the demand 
for the use of silica brick. England has, until recently, been using 
quartzite brick and fire brick of 70-85% SiO: for liner blocks. In the 
past few years the use of silica for the lining of the retort has increased. 
The shapes used are not so intricate to manufacture, as in the case of 
horizontal retorts and resemble the coke oven blocks in many respects. 
An advantage of the use of silica is that it can be made thinner because 
of its high compressive strength at high temperatures, thus permitting 
greater heat flow. 


1 From an article on ‘‘Gas Retorts”’ in the Gas World, June 28, 1924, by Mr. Emery. 
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Engineering practice in this country always favors construction in 
which the flue walls and retort walls consist entirely of silica brick and 
shapes. The mortar used in this type of settings is a ganister, bats, and 
clay mixture, containing 90-93% SiO» and having a fusion point of 
cone 28 or more, with sufficient fineness to work well and enough clay 
to keep the bats and ganister from settling out when mixed with water. 
By using brick which have an apparent specific gravity of 2.40 or less, 
the expansion in the walls is even and not excessive at any one point. 

The fusion point should be cone 31 or higher. The brick should be 
able to stand a load of 25 pounds per square inch to 1500°C and have 
not more than 2.5% permanent expansion. The shapes and brick must 
be within ? inch of the specified size and must give a good ring when 
struck with a hammer. They should be devoid of cracks, and true to 
shape. 

The fireclay and quartzite settings may be attacked by salts in the 
coal, causing failure. In order to obtain a high throughput, the flue 
temperature must be fairly high. Silica, with its greater strength and 
resistance to salt corrosion, outlasts the other settings and permits a 
much more rapid carbonization. It is the usual practice to operate the 
vertical retorts witha temperature in the flues of 1050-1400°C. Quartz- 
ite settings cannot safely withstand the higher temperatures. Although 
it has been stated by some writers that such settings have been operated 
at 1300°C, this must be considered a maximum. 

Steaming is practiced in the vertical retort, but no great difficulty 
is found from spalling and erosion if silica is used, although it does occur 
with clay and quartzite settings. The steam causes the walls to erode 
in the region of the steam nozzles. This action is thought by some ob- 
servers to be caused by a partial chemical reaction between the con- 
stituents of the fire clay and the steam. This failure is similar to a 
spalling action and this is generally conceded to be the cause of the 
failure. When retorts of silica flue wall construction are steamed, the 
failure does not occur which indicates that a reaction may occur with 
clay. The advantages of the use of silica in the settings are: 


1. Higher rate of carbonization 4. Resistance to salty coals 
2. Longer life 5. Sulphur compounds do not attack the 
3. Rigidity and stability at high tem- combustion chamber 

peratures 


Following are British requirements for gas house refractories taken 
from the “Standard Specifications of Institute of Gas Engineers”’: 


Clause 1. The retorts or retort shall be made of 
(a) Suitably prepared raw clay and clean fired clay or “grog.” “‘Grog”’ 
which would pass test sieve having 16 meshes to linear inch is undesirable 
or (0) Silica or siliceous material 
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or (c) Aluminous material 
or (d) Carborundum or other refractory material 
or (e) Suitable mixtures of the above 
Clause 3. A piece of material shall show no signs of fusion when 
heated in a suitable furnace to a temperature of not less than Seger 
cone 28 in an oxidizing atmosphere ——. 
Clause 4. All surfaces shall be reasonably true and free 
from flaws or winding; and, after firing, no ‘‘washing”’ shall 
be done without the consent of the engineer. The material shall be evenly fired through- 
out and contain no black core. The texture throughout shall be even and regular, 
containing no holes or flaws, and the apparent porosity shall be not less than 16%. 
Clause 5. Test piece 2} to 3x1} to 2x1} -— 2 inches when 
heated to 1410°C and maintained at that average temperature 
for two hours shall not show a change of more than 1.0%... . 
Fire Bricks, Blocks and Tiles ‘‘. . . . shall not contain more than 75% SiO: .... 
Clause 1. Two grades of material are covered by this specification 
to be called No. 1 and No. 2 grade. 
(1) Material showing no fusion when heated to a temperature of not less than 
Seger cone 30. 
(2) .... toa temperature of not less than Seger cone 26. 
Clause 4. . . . shall not show after expansion or contraction. 
No. 1 grade—0.75% 
No. 2 grade—1.15% 
Clause 5. 9x4}x3- inch brick shall not vary +1.5% 
in length and 2.0% in width or thickness. 
Materials covered by this specification are divided 
into two classes. 
(1) ....92% or more of SiO, is known as “‘silica’’ material 
(2) .... 80-92% of SiOz is known as “‘siliceous’”’ material 
Silica material—not less than Seger cone 31 
Siliceous material—not less than Seger cone 29 
. when heated to 1410°C and maintained for two 
hours shall not show after expansion or contraction of 


Refractoriness 


Surfaces and Textures 


After Expansion and 
Contraction 


Refractoriness 


Variation from Measurements 


Silica Brick, Blocks, and Tiles 


” 


Refractoriness 


Expansion or Contraction 


more than 0.5°%. 


. same allowance in variation of measurements. 


The process of manufacture, the fabrication and clay mixtures are 
entirely a matter of experiment left to the producer of the ware. The 
material must be fairly coarse in grind to prevent spalling and be well 
fired. The compounding of batches of clay which will give a good grade 
of refractory for retort setting is a matter of experience and knowledge 
of the industry. The action of coal and coke on the lining and the 
temperature duty to which it will be subjected is obtained only by 
experimental work. A study of the action of the ash from the producer 
is fairly essential and a means of cleaning gas before use eliminates this 
trouble. 


Vertical retorts have recently been developed, particularly by The 
Koppers Company, to a capacity and efficiency comparing very favor- 
ably to some of the gas ovens which will be discussed below. The 
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refractories for such verticals have substantially the same requirements 
as for such gas ovens. 


By-Product Gas Oven 


Gas for domestic consumption is now produced to a very large 
extent by the by-product gas oven of the same type as the by-product 
coke oven which has performed so successfully in the steel industry. 
More than 60% of the coal gas sold in the United States is derived 
from by-product coke or gas ovens (exclusive of that used by the steel 
industry). 

These ovens are built in two sizes, viz., the large oven of the same 
size as used in the steel industry, constructed for production of gas 
and coke in large cities; and the small gas oven built on the same 
principle and design as the large oven, but differing in length which is 
about half that of the large oven. Over 90°% of the by-product coke and 
gas ovens installed for gas companies in the United States during the 
past three years have been of the Becker type, constructed by The 
Koppers Company, Pittsburgh, Pa. 

These ovens are constructed entirely of silica from the base of the 
regenerators to the top of the cross-over flues. The superiority of silica 
has long been shown 
in the by-product 
coke oven, where 


it has been used 
since the first instal- 
lation of Koppers 
ovens at Joliet in 
1909. In the con- 
struction of the 
oven several shapes 
are used which are 
made by the hand- 
molded process, well 
known to the re- 
fractory manuf- 
turer. The silica 
brick and shapes are 


Fic. 5.--Rectangular flued coke oven in process of 
tested to see that ian 


they meet with all 

requirements. The silica being able to withstand high temperature 

service permits the flues to reach 1500°C without danger of failure. 
Figure 5 shows an oven in construction. The flues and oven proper 

are shown in the photograph. 


\ 
. 
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The silica walls are not subjected to abrasion, since the coal contracts 
slightly on coking, thus leaving the wall clear. There is, however, an 
abrasive action on the floor at the 
time of pushing. Fireclay blocks 
are used here, giving good service 
and causing no great difficulty from 
abrasion. The silica wall is occa- 
sionally subjected to a rather rough 
treatment when the coke sticks in 
the oven and,: in endeavoring to 
remove the coke, the implements 
used often strike the walls. Care 
must be taken when the ovens are 
started to be sure that the silica is 
not heated too fast, which would 
cause strains due to too rapid ex- 
pansion and cause cracks to form. 

An illustration of the action of 
salts upon quartzite and of the 
resistance of silica is shown by 
Figs. 6 and 7.! Figure 6 shows two 
walls of a coke oven, the left being 
made of silica and the right of quartzite. Figure 7 shows the same walls 
after use. The action of salt 
corrosion is quite noticeable in 
the quartzite shown on the 
right. 

The shapes used in the flue 
and wall construction are de- 
signed so that a gas tight joint 
is effected and the maximum 
strength in wall structure is 
produced. This joint is fur- 
ther improved as soon as the 
silica has been filled on the 
surface with a thin layer of 
carbon. This carbon is formed 

: Fic, 7.—Quartzite and silica coke oven 
by the cracking of the gases walls after use showing effect of salty 
and tars produced by the dis- coal on refractory. 
tillation of the coal. Silica 
which has been in use continuously for twelve years has been studied 
and seems to be unaffected by this long service. There is a slight 


Fic 6.—Quartzite and silica coke oven 
walls before use. 


1 The photographs are from Heinrich Koppers’ ‘‘Mitteilungen” Jan. 1921, pp. 24 
and 25. 
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formation of silica glass on the flue side and an apparent, com- 
plete inversion of the quartz to tridymite and cristobalite. There is a 
slight infusion on the coke side of iron from the coal ash, giving a dis- 
coloration to the piece. This color also might be from the cracking of 
the ferrocarbonyls that are sometimes formed in the gas. 

In most by-product ovens the prevailing practice is the use of re- 
generators where fire brick are set unmortared in a cross-hatch manner, 
giving as great a surface exposure as possible. It is desirous to have as 
many brick in the regenerator as practical and yet have a large surface 
exposed so that the hot or cold gases, whichever may be the case, will 
give up or receive heat more readily. The brick which have a high 
heat absorption value are the most desirous. The brick must have a 
fairly high fusion point although the temperature in the regenerator 
seldom goes above 1250°C. The regenerator brick are subjected to air 
spalling because, upon reversal, cold air is drawn into the base and 
heated on passing up through the regenerator. When producer gas 
is used for heating the oven, the regenerator is divided into two sections. 
One is for preheating the producer gas and the other for air. The air 
first passes over the bricks which are of the lowest temperature, and 
the air gradually increases in temperature as it rises to the top of the 
regenerator. This rise in temperature, at nearly the same rate as that 
of the bricks in the regenerator, has a beneficial effect upon the life of 
the fire brick. The hottest brick are not struck by cold air, but by air or 
gas which has been preheated to a temperature a little lower than 
that of the brick. 


Insulation 


The use of an insulating material forms an important part of oven 
and retort construction. By the decrease in heat losses the efficiency of 
the installation is increased to quite an extent. The heat formerly lost 
by radiation and convection is saved and gas consumed in carbonization 
of the coal is cut down in a direct proportion. This gives a greater 
amount of gas for disposal and the cooler battery also makes working 
conditions much better for men employed. The materials found to 
give the best results are diatomaceous earth and a brick of a porous, 
non-conductive nature. The diatomaceous earth is used in both a 
powdered condition and in brick form. 


Inspection and Testing 


The question of inspection and testing of the refractories used in 
gas house installations is a vital one. The success of a battery depends 


a great deal upon the quality of refractory used. The testing of each 


472 COLE——REQUIREMENTS OF REFRACTORIES 


car of material shipped gives a fairly close check upon brick supplied 
to the consumer. When the consumer states clearly in his specification 
the tests which the brick must withstand the producer is able to furnish 


| 
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Fic. 8.—View of Seaboard By-Product Coke Company’s plant at Jersey City, N. J. 


a grade of refractory which proves quite satisfactory. The testing of 
fire brick, silica brick and the mortars used for setting the brick has 


Fic. 9.—View of Consumers Power Company’s plant at Zilwaukee, Mich. 


proved to be of value in many ways. The Koppers Company, by close 
checking of the brick supplied for oven construction, have not had a 
single failure due to the refractories employed. In the testing of the 
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materials many facts have been discovered which have led to an 
improvement in these materials. The close coéperation between the 
consumer and producer proves to be beneficial to both parties con- 
cerned. The consumer gets satisfactory brick and the manufacturer 
a satisfied customer. 

The tests carried out upon silica and fire brick are made according 
to A.S.T.M. methods. By this system, a common means of comparison 
of each sample submitted is afforded and the results upon all samples 
tested may be compared from year to year, giving a valuable piece of 
information relative to the variation in materials used. These tests 
are well known to the firebrick manufacturer and to most of the con- 
sumers of refractories so that it will not be necessary to describe them. 

Silica brick should be tested for apparent specific gravity, per cent 
porosity, fusion, and the load test of 25 lb. per sq. in. to 1500°C. The 
fire brick should be 
testedforfusion, per | 
cent porosity, load Ta | 
test of 25 lb. per sq. 
in. to 1350°C, spall- 
ing, and reheating to 
1410°C. Other tests 
may be carried out 
upon the brick as is 
deemed advisable 
from time to time. 
The silica and fire- 
clay mortars should 
be tested for screen 
analysis and fusion. F1G. 10.—Model of the Becker oven. 

The two photo- 
graphs showing two installations of Koppers ovens are: first, the plant of 
the Seaboard By-Product Coke Company at Jersey City, N. J., (Fig. 8), 
consisting of 165 Koppers ovens which supplies about 25,000,000 cu. ft. 
of gas per day for domestic consumption. The other is the plant of the 
Consumers Power Company at Zilwaukee, Michigan, (Fig. 9) which 
consists of 19 small Becker gas ovens, supplying 2,350,000 cu. ft. of 
gas per day for domestic consumption. 

Figure 10 shows a model of the Becker Oven. 


A PHENOMENAL CASE OF TILE BREAKAGE! 
By R. A. Hart? 


ABSTRACT 

In 1921 an interesting case of tile breakage was discovered at Hinckley, Utah, in a 
drain which had been laid for three years, the backfill ranging from 2 to 6 feet. The 
breakage was inversely proportional to the depth of the backfill and the tile had broken 
upward, all conditions of fracture being reversed. Some of the tile did not break until a 
portion of the backfill was removed. Investigation showed that the tile had been laid in 
a trench but slightly wider than the outside diameter of the tile, the material being a 
highly colloidal clay, extremely dry. The line was for relief of another drain and no 
water entered the line until the latter was tapped. Water percolating through the 
joints and saturating the adjacent clay caused an expansion which crushed the tile 
laterally. Subsequent laboratory studies showed the clay to have a coefficient of expan- 
sion of 178.5. 


When an investigation is made of the crushing strength of a piece of 
drain tile, the sample is tested to destruction. 

The test piece is laid on its side, supported either on two strips or 
on a bed of sand fitted to the lower quadrant of the tile and pressure is 
applied to the upper part of the tile either through a strip laid along the 
middle line of the crown or a piece of hose partly filled with water 
placed in the same manner, or through a sand bed fitted to the upper 
quadrant of the test piece. In any case the pressure is directly down- 
ward and is uniformly distributed throughout the length of the test 
piece. The tile is not supported at the sides. 

The deformation before actual breakage is very slight and when 
crushing strength is exceeded by the applied pressure, the specimen 
breaks into four parts along planes passing through the horizontal and 
vertical diameters of the tile. The two lower quadrants fall apart 
while the two upper quadrants fall concave sides downward, upon the 
two lower quadrants. 

The load may be regarded as being applied along the middle line 
of the upper half of the test piece and there is a tendency, therefore, 
for a downward movement along a plane passing through this line. 
This tends to produce shear along the plane and a bending moment 
along a plane intersecting the walls along the horizontal diameter. 
Compression is set up in the upper half of the wall at the top, in the 
inner half of the walls at the sides, and in the lower half of the wall 
at the bottom. Tension is produced in the lower half of the wall at 
the top, in the outer half of the walls at the sides, and in the upper 
half of the wall at the bottom. 


1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Atlanta, Ga., 
Feb., 1926. (Heavy Clay Products Division.) Received April 3, 1926. 
2 Secretary- Manager, Western Clay Products Association, Salt Lake City, Utah. 
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In the field, tile are supported by the bottom of the trench in which 
they are laid. The pressure is that produced by the backfill and any 
superinduced loads. It is distributed over the upper half of the tile. 
The sides are supported by the backfill. Breakage of tile under field 
conditions is frequent, but collapse of the tile is rare. For this reason 
the breakage is often unnoted. It is usually indicated by depressions 
in the backfilled trench or by the direct inflow of surface water and in 
some cases by the development of well defined openings in the backfill 
from the tile line to the ground surface. 

When a tile, broken under field conditions, is uncovered, it is usually 
found to have broken into four parts, as in a laboratory test, but, 
unless actual collapse has taken place, the conduit will still be intact 
but deformed. The vertical diameter will be found to have decreased 
and the horizontal diameter to have increased, while the four quadrants 
of the tile will be found to have separated considerably at the inner 
edge of the wail at the top and bottom and at the outer edge of the walls 
at the sides; that is to say, wherever the tension was maximum. 


Breakage Due to Expansion of Soil 
An interesting case of tile 


found to have collapsed under 
backfill ranging from two to six 
feet. The collapse was not dis- 
covered until an attempt was 
made to remove the tile for 
replacement in another locality. 
The tile had been in the ground 
for three years. Where the back- 
fill had a depth of six feet the tile 
had not collapsed and there was 
a very small percentage of break- 
age and the fractures were nor- 
mal. But strangely enough, C— 
where the backfill ranged from 
two to three feet, the breakage Fie. 1. 

was 100%, and many of the tile 

had collapsed. Examination disclosed the fact that the tile had broken 
upward and were badly deformed, the vertical diameter being 16} 


failure was discovered in Millard 
County, Drainage District No. 

1, near Hinckley, Utah, in the 
spring of 1921. A large number | Vervice/ Rise of Middte Line 1% | 
of lengths of 15-inch tile were | | 


Or (ginal Drarneter 
15” 


New Hori Mrarveter 
3%” 


\ New vert:sca/ Ovamerer / / 
16 /] 
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inches, while the horizontal diameter was only 13} inches, the cracks 
being open as much as } inch wherever the wall was in tension, which 
was at the usual positions of compression. Fig. 1 illustrates the de- 
formation. 

Where the backfill was somewhat greater, breakage did not occur 
until a portion of the backfill was removed, notwithstanding the fact 
that the tile had been laid three years. The workmen could hear 
distinctly the report as the tile broke. 

The tile had an outside diameter of 17} inches and were laid in a 
trench 18 inches wide. The material was clay and, was dry when the 
tile were installed, the drain being a relief line, tapping an overloaded 
main drain within the district. 

Being laid in dry soil, water was lost through the joints of the tile 
and the surrounding material was saturated, causing an expansion of 
the clay. This expansion was sufficient to reduce the width of the 
trench from 18 to 153 inches and to produce great side pressure on the 
tile. 

Where the depth of backfill was only two to three feet the trans- 
mitted pressure was sufficient to lift the backfill, thus permitting 
the deformation and collapse of the tile. With greater depth, the 
pressure was not sufficient to lift the weight of the backfill, but, on 
partial removal of the 


backfill, collapse oc- 
curred. 

=* The dry clay was 
ob found by A. E. Vinson 


to have an expansion on 
Fic. 2. wetting as high as that 

for any soil examined. 

The soil has a double expansion, as in Fig. 2. When placed in water 
a rather slow initial expansion took place. This would serve to firm the 
backfill of a trench and bring the soil tight around the tile. The second 
swelling is much more sudden and something would have to give way. 
With the soil packed by the first swelling, the pressure produced by the 
second swelling would be ample to crush tile. An attempt is now being 
made actually to measure the unit pressure produced by the expansion. 


AN ATTEMPT TO SECURE A UNIFORM MIXTURE OF 
FINE AND COURSE PARTICLES IN GROG 
FROM A BIN! 


By W. A. Hutt 


ABSTRACT 
A sloping chute or trough down which the stream of grog flows to the bottom of the 
bin, instead of dropping with a free fall places grog in bin in such a way that it comes out 
of the bin fairly well averaged as to sizing. 


It is a matter of common observation that ground grog, discharged 
into a bin in a more or less continuous stream, as by an elevator or 
conveyor has a tendency to become classified in point of fineness, in 
such a way that when the material is drawn out of the bin, what is 
drawn out at one time will be mostly fines and at another time mostly 
coarse. Many manufacturers have had this tendency to contend with. 
Some have overcome it in one way and some in another and very 
probably others are still putting up with it. It is not the purpose 
of this paper to review or discuss the various ways in which the matter 
has been taken care of, but simply to tell what has been done about it 
in one place in the hope that some one may gain from this attempt an 
idea that may be useful in solving his own problem. 

The Midland Terra Cotta Company has one large bin for terra cotta 
grog and another large bin for ground clay. It is the practice to grind 
clay and grog separately and to pug a mixture from these two bins. 
Due to the shape of the grog bin and the fact that the discharge from 
the screen is directly over the opening to the chute by which the bin 
is emptied the conditions were favorable for getting all varieties of 
size combinations in the grog. The condition had been overcome, 
to some extent, by means of a stack of inverted wooden V-shaped 
troughs, so built up that the grog in passing down through the stack 
was considerably retarded. It was finally decided that the most promis- 
ing simple means would be to put some sort of a chute across the bin 
from top to bottom, so that the grog, instead of dropping from a con- 
siderable height and scattering out, would start piling up at the bottom 
of the chute when the bin was empty, and form a pile that would 
gradually work up the chute so that at no stage would it have any free 
drop. 

The first chute installed was not steep enough and the grog accumu- 
lated in the lower part of the chute, blocking it so that the stream 
flowed over the side, well up toward the top. But the chute was hinged 
near the top so the angle of the lower part could be changed. It was 
possible to find about how steep it had to be in order to operate properly 


1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Atlanta, Ga., 
Feb., 1926. (Terra Cotta Division.) Received April 28, 1926. 
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when the grog was somewhat moist and consequently had the greatest 
tendency to bank up. After this was determined, a more permanent 
chute was put in. 

The grog was already extensively classified before it even got into 
the chute and the stream, flowing down the chute, was stratified. 
This condition could be remedied, to some extent, by baffles or obstruc- 
tions but there was a strong tendency for the grog, in motion, to 
separate again. 

In a constantly flowing stream, fine and coarse particles are con- 
stantly arriving at the bottom of the chute and if they would accumu- 
late there for a short interval, instead of going their separate ways, the 
accumulation would be an average mixture of coarse and fines. If this 
accumulation would flow down the side of the pile the material would 
stay mixed, clear to the bottom of the pile. As a matter of fact, some- 
thing approaching this does occur. 

If the grog were always of the same moisture content so that it would 
always flow the same, this action would be closely approximated. If 
the chute be steep enough so that the grog will not bank up in it too 
much and overflow too high up when the grog is damp, then it will not 
bank up enough when the grog is dry. With a chute as steep as it has 
to be for all conditions, the damp grog behaves best. Drier grog has 
more of a tendency to keep moving and there is a tendency for the finer 
portion of the stream from the bottom of the chute to curl around and 
flow backward under the chute, and the upper, coarser part to flow out 
over the top of the pile and make its way out toward the edges. Even 
so, the separation is not anything like what occurs when the grog 
has a free fall. 

With the material dropping from the discharge end of a chute located 
almost directly over the hole in the bottom of the bin through which it 
would be drawn out, the fines would accumulate over this hole during 
the entire process of filling the bin with the result that during the 
emptying what was taken out first would be mostly fines, what came 
out last would be mostly coarse, and what came out between times 
would vary from fine to coarse. With a long chute extending down into 
the bin and across it, the pile starts at a point far removed from the 
opening in the bottom of the bin and as the bin fills up the top of the 
pile gradually travels across the bin toward a point almost directly over 
the hole in the bottom. The result is that although the material in the 
bin is not entirely homogeneous the finer and coarser portions are so 
distributed that when the bin is emptied, the slides on the surface of the 
crater, which forms in the emptying process, catch some of the fines 
and some of the coarse at every stage of the emptying and give a 
tolerably good average. 
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According to screen analyses of samples taken at different stages of 
the emptying, the results are good. It cannot be said, however, that 
enough samples have been tested to make sure that the material may 
not fail to average properly at times. For practical purposes the press- 
ing shop is a reasonably reliable source of information and so far, over 
a period of several months, the reports have been satisfactory. 

It seems to the writer, after studying the flow of grog in this particu- 
lar bin that, in the case of a deep bin of small cross-section, a spiral 
chute might be good. It was found that by placing a temporary stop 
in the chute, near the top, so as to hold back a small accumulation of 
grog and then releasing, so that the grog would go down the chute 
intermittently instead of in a continuous stream, an effect was pro- 
duced which would give less separation than took place with a con- 
tinuous stream. It is thought that a hinged gate, properly counter- 
weighted, could be adjusted to a chute in such a way that when a 
sufficient quantity of grog had accumulated, the gate would be opened 
by the pressure and the intermittent delivery would be automatic. 
In our case this does not seem to be necessary because of the averaging 
which takes place in emptying. 


MIDLAND TERRA Cotta Co. 
Cicero, ILLINOIS 
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Abrasives 


Grind many locomotive parts. HERBERT R. Simonps. Abrasive Ind., 7 [5], 
138 (1926).—S. describes some of the grinding operns. at the Readville, Mass., shop of 
the New York, New Haven and Hartford Railroad; a number of photographs accompany 
the article. 

Polishing abrasive grain improved. HENRY R. Power. Abrasive Ind., 7 {5}, 
141 (1926).—P. explains why abrasive grain must be clean before it can be coated with 
glue for the making of set-up polishing wheels. 

Silicate of soda in wheel making. JAmMesG.VatL. Abrasive Ind., 7 [5], 154(1926). 

\. describes briefly mixts. used in the manuf. of silicate grinding wheels and states 
that they should be baked at about 450°F. eee 

Abrasives in the woodworking industry. Frieprich Hut. Diamant, 47 [31], 
673-74 (1925).—A description of various abrasives and the method of prepn. thereof 
for use in finishing woodwork. They include sandpaper, emery paper and cloth, garnet, 
carborundum, powdered glass, and pumice stone. Abrasive mach. is discussed. 

¥. 

Abrasives: their use in finishing of metals. W.S. Barrows. Can. Foundryman 
15, 26(1924); J. Inst. Metals 33, 525.—The importance of running, polishing, and grind- 
ing wheels at the correct speed is emphasized. Generally, a min. speed of 4000 surface 
ft. per minute is correct, but hard tough abrasives can be used at higher speeds than 
softer ones, because the latter quickly crush and glaze. SiC is not merely a grinding 
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abrasive, but, in the finer grades, can be used for polishing. Corundum is superior to 
emery in that it does not cause the article that is being ground to rise in temp. so much 
as when emery is used. (t~.2 

Carborundum production in Europe. Anon. J. four elec., 34, 227(1925).—A 
brief review of the history, properties, and production, in some European factories. 

(C. A.) 
PATENTS 

Sectional grinding wheel. ELwin R. Hype. U. S. 1,582,608, April 27, 1926. 
A grinding wheel comprising spaced side plates, a plurality of grinding blocks mounted 
between said plates and having convex outer ends forming the periphery of the wheel, 
coacting means carried by the plates and blocks for 
securing said blocks at different distances from the 
axis of rotation of the wheel, and means for clamping the 
plates against the sides of the block comprising a bolt for 
each block secured to the plates adjacent the peripheries 
thereof and extending through the block, each block 
having a plurality of transverse openings for said bolt 
spaced from each other radially of the block with the 
outer opening in a section of the block which is eventually 
worn off in use. A grinding wheel comprising spaced side 
plates having circular flanges on the opposed walls there- 
of, a plurality of grinding blocks mounted between said 
plates and provided with spaced gy voves on the side walls 
thereof to receive said flanges to det. the position of the 
blocks relative to the axis of rotation of the wheel, and 
means for clamping the plates against the sides of the 
blocks in different radial positions comprising bolts secured to and extending between the 
plates adjacent the peripheries thereof. 

Artificial alumineus abrasive and process of making same. HaAro_pD ANTHONY 
RICHMOND and ROBERT MACDONALD, Jr. U. S. 1,583,179, May 4, 1926. In the 
production of crystalline alumina from an aluminous ore the improvement which con 
sists in lowering the operg. temp. by the addition of an alk. earth to the fur. charge 


Art 


Colored glass and glass decoration (continued). J. H. GARDINER. Amer. Glass 
Rev., 45 [29], 19(1926).—The rarer bases giving color effects in glass are described 
as well as the specific uses calling for glasses of definite color value. See Ceram. Abs., 
5 [6], 177 (1926). F.G. J. 

Gay colors wanted for building—why not for glass. J. M. HAMMER. Amer. Glass 
Rev., 45 [31], 31(1926).—Increasing travel by Americans has led to a demand for 
gayer colors and more radiant tones in the home. This demand can be met by the 


glass maker. 5, 
Application and laboratory work as fundamentals in artistic work. Dr. REDSLOB. 
Diamant, 47 [31], 657-61 (1925).—A consideration of stained glass windows and the 


various motives and themes connected with the making thereof. ae eA 
English glass-painters of the XVI century. J.A.K-s. Diamant, 48, 143-46(1926). 

H. G. S. 
Prehistoric and ancient ceramic ware. JT. Wo.trr. Sprechsaal, 59, 187-88(1926) 


The industrial measurement of color. W. G. Rarré. Sci. Progress, 20, 662-74 
(1926).—The whole range of industry deals with mats. in which color is frequently a 
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prime consideration. Many industries, if denuded of color, could no longer exist, yet 

no general stand. for the measurement of color has been established. It is not necessary 

to abolish, or to change any popular, local, or trade, color name; all that we require to 

know is its relation to the central national standard. R. recommends the Lovibond 

tintometer as the instrument, and the Dewey decimal system of classification as the 

means of reference. &. 3. 
BOOK 


The economic laws of art production. H. L. Smirn. 246 pp. London: Oxford 
Univ. Press. Price 6s. H. H. S. 


Cement, Lime, and Plaster 


Puzzuolanic cement in heating and reaction with alkaline carbonates. G. Mat- 
QUORI. Gazz. Chem., 56, 42-45 (1926).—Thermochemistry of puzzuolanic cements 
studied and the rise of temp. as to time due to chem. reactions noted. Also compared 
to kaolin, silica, and alumina. The cements will react with BaCO; at about 300°C. 

Cement: its real nature and properties. EpWAkD GopFREY. Can. Eng., 50, 
495-97 (1926).—-As opposing the theory that the bond of cement is due to interlocking 
crystals, the bonding effect is explained as being due to colloidal action. Cement 
consists of (1) a finely divided portion which absorbs water and becomes a colloid or 
glue, and (2) a portion consisting of relatively coarse inert particles. The colloidal 
portion accounts for the expansion of concrete under water and the contraction in air. 
It also explains “‘laitance,’’ which is the formation of a milky scum on the surface of 
cement. Thorough mixing of concrete is recommended to prevent segregation of the 
colloidal constituents and the effect of laitance. Excessive water content is conducive 
to the formation of laitance. Re-tempering of concrete is generally condemned, but 
on questionable grounds, in the light of the colloidal-bond theory. EB. &. ©. 

Alumina cement. H. EIsenspeck. Chem. Zeit., 50, 202-204 (i926).—Taking 1 pt. 
cement to 3 of sand, E. deals with the properties of resistance to pressure, and to attack 
by acids and alkalis, of ‘‘alca’’ cement as compared to Port., iron Port., and other 


cements and to their mixts. 
Chemical notes on Portland cement manufacture. D. 1. E_per. School Sci. and 
Math., 26, 374-79 (1926).—A lecture to Chicago Univ. students. 


Differentiation of the action of acids, alkali waters, and frost on normal Portland 
concrete. C. J. MACKENZIE AND T. T. THORVALDSON. Eng. Jour. Can., 9, 210-12 
(1926). 

A refractory hydraulic cement. J. ArNouLD. Chimie et industrie, 15, 184-88 
(1926).—A mixt. of fused cement (‘‘electric’’ or ‘‘aluminous’’ cement), MgO calcined 
at 1000° and water glass gives a good cement which stands up at fairly high temps., 
but which unfortunately sets too rapidly. A 1 : 2 mixt. of fused cement and of calcined 
(above 1070°) and ground bauxite constitutes a true hydraulic cement, which, on 
mixing with 22-30°% H.O, begins to set in 1 hr. and is completely set in 4-6 hrs. It 
hardens very rapidly, and after 3 days has a crushing strength of 145 kg. per cm.? and 
a tensile strength of 21 kg. per cm.? It can be made into concrete by using 1, 2, or 3 
parts of broken-up old refractory bricks (screened, or preferably washed, to remove 
dust) to 3 parts of cement, which is used and handled the same as ordinary Port. cement 
concrete. Both the cement (fused cement-bauxite mixt.) and the concrete after 
setting soften at 1350—1400° and m. at about 1600°. The cement has a crushing strength 
of 20 kg. up to 1200-50°, which drops to 2 kg. at 1300-50°; above this it becomes quite 
soft, but does not flow. The crushing strength curve at high temps. lies between the 
corresponding curves of bauxite and of carborundum. Both the cement and the 
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concrete have a very small shrinkage, 1-1.5°% at 1350°, and as low as 0.5% in some 
cases. They are remarkably resistant to sudden changes in temps. and do not crack 
on rapid cooling from 1380° to 20°. Strength tests on the cold cement after heating to 
various temps. showed a certain degree of friability (probably due to elimination of 
H,0 of constitution), which appeared at about 800°, reached a max. at 1000—1200°, and 
disappeared at about 1300°. The friability decreases with the proportion of bauxite in 
the mixt. Friability in the concrete can be completely eliminated by heating once 
above 1250°. The addn. of broken refractory in the concrete decreases the shrinkage, 
increases the strength, prevents cracking of the concrete, and cheapens the product, 
but increases the friability. BeO gives the same results as Al,O;, which confirms the 
place assigned to it in the table of elements, but is of no practical interest. Presence 
of up to 3% TiO: in the bauxite causes no trouble. Using an aluminous cement prepd. 
by clinkering instead of fusion raises the m. p. of the cement-bauxite mixt. by about 50°. 
The friability can be reduced, and even eliminated completely, by addn. of a little 
powdered flint or powdered Na silicate (of low alky. and consequently non-hygroscopic) ; 
but this lowers the m. and softening points. iC. a 


PATENTS 


Material for use in cement compositions. Rupo_pu J. Wic. U. S. 1,584,579» 
May 11, 1926. A plastic compn. comprising cement, sand, an aggregate, and a finely 
divided diatomaceous earth contg. not more than approx. 25% of particles about 0.02 
mm. square or larger in size, and not more than approx. 70% of particles smaller than 
0.001 mm. square in size; the amt. of the diatomaceous earth used being from approx. 
1 to 10% by weight of the cement used. 

Cement and metallic iron from ores. E.C. Eckert. Brit. 237,779, Nov. 17, 1924. 
A mixt. of Fe ore low in SiO», aluminous mat. such as bauxite, and CaCO; is fused, 
reduced Fe and slag are allowed to sep. and the slag is ground to form cement. Various 
details are given. tC. 


Enamels 


Report of the Enamel Division Committee on Standards, 1925-26. KE. P. Postr 
Bull, Amer. Ceram. Soc., 5 |5|, 230-51(1926).—The Comm. has undertaken problems 
of the following general classification: (1) flotation of enamels; (2) opacity, color, 
reflecting power, and associated properties; (3) standardization of raw mat., and 
(4) standardization of control tests. Bibliographies of literature on plasticity and 
setting up of enamel slips, and enamel tests and methods of control are given. Partial 
results of a study of a representative group of clays in an effort to correlate enamel sus- 
pending power with chem. compn., mineralogical constitution, settling behavior with 
distilled water and with enamel, and the presence of org. matter are given. The 
methods of testing are explained. Ten control tests are listed and explained. Results 
of a questionnaire in regard to control tests are given and discussed. It is a regrettable 
fact that only 18 replies were sent in to the questionnaire. 5. Ve 


Glass 


Upon the danger of employing certain glasses of Zn base in pharmaceutical chemis- 
try. PasBLo BONHOMME. Quim. e Ind., 3, 5(1926).—B. discusses previous work upon 
action of autoclaving temps. upon glass and further emphasizes that the compn. of a 
glass should be known and that Zn glasses should be avoided. ao. 

Chemical composition of window glass. E. P.ArtHuR. Jour. Amer. Ceram. Soc., 
9 [4], 203-205 (1926).—The compns. of window glass manufd. by various methods are 
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compared. The tendency of glass to devitrify and ways of overcoming this are discussed, 
using diagrams based on the work of Morey and Bowen to illustrate the various points. 
Recovery of heat in glass furnaces. BJARNE SCHIELDROP. Fuels and Fur., 4 [5], 
591-93 (1926).—There are quite a number of small furs. in the glass industry that 
might be economically equipped with recuperators. Recuperators are low in cost, 
continuous in opern. and require little attention other than periodical cleanings. The 
saving in fuel consumption which may be effected by the use of recuperators depends 
upon the temp. of the waste gases which otherwise escape through the stack. Since 
in the case of furs. with a waste gas temp. of 100°F a saving of 10% can be effected by 
preheating the air 500°F, in the case of glass furs. where the waste gas temp. is 2500°F, 
the air can be preheated to 1500°F and the fuel bill cut in half. Until recently most 
recuperators were built of refrac. tile of thick walls, both the refrac. and the walls having 
low heat condy., but today recuperators are being built of thin-walled refrac. shapes 
and metals. This enables a more efficient recovery of heat, since the efficiency of a 
recuperator depends not only upon the amt. of htg. surface presented to the gases and 
the air to be heated, but also upon the condy. of the walls through which the heat is 
transmitted. In designing metal recuperators the condy. can be ignored and attention 
paid to procuring the greatest area possible exposed to the hot and cold gases. A descrip- 
tion is given of the method employed in applying the regenerative principle to the 
recuperator. R. M. K. 
The application of electric heat to glass annealing. A. N. Oris. Ceramist, 7 [6], 
386-404 (1926).—Several electrically htd. leers and their method of opern. are described 
in detail. Photographs and diagrams are given, the type of ware annealed is described 
and the operg. data is given. The advantages and possibilities of electrically htd. leers 
are pointed out and the important factors in their design are discussed. Efficient heat 
insulation and prevention of air currents are important factors. The difficulties en 
countered in annealing lenses, prisms, and glass disks for telescopes are pointed out. 
These difficulties can be overcome by means of the elec. app. which is described. 
A. E. R. W. 
Hartford-Empire Company’s new I. S. bottle machine. ANon. Nat. Glass Budget, 
41 [50], 3(1926).—A new individual section mach. has been installed. The mach 
consists of 4 sections, each comprising a pair of molds which can be operd. together or 
independently as desired or necessary. The section may be operated on different styles 
or finishes of bottles and may be adjusted separately but must use the same amount of 
glass. 
Testing glassware. ANON. Nat. Glass Budget, 41 [50], 9(1926). Reprinted from 
the Dearborn Independent.—A popular write-up of government tests of breaking 
strengths of china and glass ware. The tests show that made-in-America goods are 
more durable than imported. F. G. J. 
Making reflecting mirrors. ANoNn. Nat. Glass Budget, 41 |50], 12 (1926). Reprinted 
from Scientific American.—Describes the theory and grinding of the mirror for a reflect- 
ing telescope. F. G. J. 
Dust removal equipment in modern glass plants. ANON. Nat. Glass Budget, 
41 [51], 8(1926).—A description of suction ventilating systems and dust collectors. 
F. G. J. 
Lighting glass making explained by Gleason-Tiebout Co. Anon. Nat. Glass 
Budget, 42 [1], 10(1926).—A short popular account of the history, value, and manuf. 
of illuminating glassware. 
To standardize methods of analysis of glass and materials. ANON. Nat. Glass 
Budget, 42 {1], 26(1926).—Description of the work of the Comm. on Stand. of the 
AMERICAN CERAMIC Society. A stand. sample of glass is being prepd. for comparative 
anal. 
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Theory of glass tank block corrosion. Epwin P. ARTHUR AND A. ERNEST MACGEE. 
Glass Industry, 7 [5], 107-109 (1926).—The following theories of glass tank block corro- 
sion have received attention: (1) floating salts rich in alkalis; (2) erosion due to move- 
ment of glass, (@) vertical convection currents, (b) horizontal flow; and (3) d. of clay 
laden glass. Each of these theories is discussed. The presence and influence of a vapor 
phase are factors which should be considered in discussions of the subject. E. J. V. 

Ornamental and art glass industry of the Iser Mountains. WiLHELM HANNICH. 
Glass Industry, 7 [5], 115 (1926).—A discussion of a special branch of industry grown out 
of the old art glass craft, making objects from woven and spun colored glass. 

3. 

Plan to standardize methods of glass analysis. ANON. Glass Industry, 7 {5}, 
125 (1926).—The Comm. on Stand. of the Glass Division of the AMERICAN CERAMIC 
SociETY is taking steps toward standardization of methods of anal. of glass and glass- 
making mat. and requests the coéperation of all able and willing to help. Bb. 5. V5 

The manufacture of frost work glass. Leo Prister. Diamant, 47 [31], 668(1925). 

-The gist of the manuf. lies in the fact that glue applied to matt surfaced glass cracks 
off on drying and tears open the surface of the glass to produce the effect of frost work. 
The glass has one surface roughened by sandblasting or rubbing with sand and water. 
Then it is washed, dried, and laid horizontal on a table, where a layer of glue is brushed 
on. This is applied toa thickness of 1}to2mm. Too thick a coating merely cracks and 
does not jump off the surface. The glass is then dried slowly, being kept away from 
sunlight while being dried at a temp. of 18-20°. When the glue is hard, about 2 days 
after application, it is gradually brought up to 40—-45°. ae ee 

The inventor of “chalk glass.” ANoN. Diamant, 47 [31], 668-69(1925).—An 
account of the glass works of Michael Mullner, who first produced ‘‘Kreidenglas,”’ a 
famous crystal-glass, and brought great fame to Bohemian glass ware. His three sons, 
John, Jacob, and Valentine Anthony were also glass works superintendents and glass 
dealers. 

A large new glass plant in Germany. ANON. Diamant, 47 |32], 690(1925).—A 2 
fur., 4 mach. plant capitalized at 6,000,000 marks is to be erected at Gelsenkirchen, 
under the name of the German Libby-Owens Co. for the production of mach. made 
glass. E. J. V. 

Opening of the warehouse of the South German Glass Dealers Association in 
Feuerbach. ANON. Diamant, 47 [32], 697(1925).—A description of the new ware- 
house and equipment therein. It was opened on Oct. 31, 1925. Several addresses by 
officials of the association and the architect in charge of the erection of the bldg. were 
given. 

Glass melting furnaces. W. FRIEDMANN. Eng. Progress, 7, 75-77(1926).—The 
continuous curvet fur. is 30-40% cheaper than the pot fur. Even the daily curvet works 
more economically than the pot. H. H..S. 

Practical notes on the thermal endurance of glass. H.V.E. RENN. Glass, 132-34 
(1926).—A new series of factors for coeff. of thermal expansion are adduced, viz: Na,O 
12.9, KO 12.0, CaO 4.9, Al,O; 4.5, BaO 3.0, PbO 3.0, ZnO 1.8, MgO 1.35, SiO, 0.15, 
0.1. H. H.S. 

Lead glass and the glass formula. O. Knapp. Sprechsaal, 57, 512(1924); J. 
Soc. Glass. Tech. (Abstracts) 9, 112-13.—A graphical study of glass composition based 
on Tscheuschner’s formula. <A table was given of data for 44 glasses. On the graph 
the small circles indicated tech. glasses, and the small crosses optical glasses. The 
lines z=a(x?+1), x=0.3 to 2.0 were inserted, using the notation of Tscheuschner. 


| 
4 

j 
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The following conclusions were drawn: (1) Lead glasses had either the normal formulas 
of Tscheuschner, 


RO | ab or the wider 

ad a form of general 

7 value. (2) Tech- 

20 pe nical glasses were 

Aa 

18 $2237 A 34 in two groups, 

x 

‘ A ~ z between 22 and 

4) Three aimensional Diagram, examined, 2(x? 

2 for lead Glasses al +1)<2<5 (x? 


024 6 8 1012/4 16 18 20 22 24 26 28 30 32 34 36 38 KO glasses _prepon- 
derated above 2); 
mixed alkali glasses between 2, and z; and potash glasses at 2°. (5) The limits of molecu- 
lar compn. were: 0.0 to 2.8 alkali : 1PbO : 0.8 to 14.2SiO,. These limits were bigger 
than with lime-glass, and a resistance glass which was rich in lead contd. less silica than 
indicated by z=2(x?+1). (C. A.) 
Keppeler’s rule for lead glasses. O. KNaApp. Sprechsaal, 58, 110(1925); J. Soc. 
Glass Tech. (Abs.) 9, 113.—Keppeler’s rule for the compn. of stable Pb glasses stated 
that the relative no. of mols. of silica in excess of the no. of mols. of Pb oxide should be 
from 6 to 8 times the no. of alkali mols. present. Thus, if the mol. formula of the glass 
were xR,O.yPbO.2SiO2, then 8x>z—y>6x. A diagram gives the relative values of 
x to z—y for a large no. of known Pb glasses. For the rule to be correct the points 
should lie between lines which represent the ratios z—y=6x and z—y=8x, resp. The 
bulk of the values lay outside these lines and could only be contd. by lines representing 
12.5x>z—y>3x. (C. A.) 
The construction of the composition of glasses and glazes. H. HERMANN. Sprech- 
saal, 58, 15(1925); J. Soc. Glass Tech. (Abs.) 9, 102.—Since devitrification resulted 
in the deposition of definite compds. it was natural to attempt to arrange glass compns. 
in the form of amts. of silicates. For the acid alkali-lime glasses (mirror-glass group) 
and the ordinary alumina-contg. glasses (bottle group), consideration of the products 
of devitrification led to the calcn. of the relative amts. of metasilicates, aluminosilicates 
of the nepheline type, alkali silicates, and free silica. Thus, for a green bottle glass: 


Percentage Mol. Percentage Mol 
compn. compn. compn. compn. 
SiO, 63.76 1.061 CaO 15.75 0.281 
Al.Os 9.58 0.094 MgO 0.67 0.017 
1.92 0.012 K,0 3.06 0.033 
MnO 0.32 0.004 Na,O 5.10 0.082 
By equiv. division the mols. present would be: 
0.019 FeSiO; 0.005 FeO ) 
0.003 MnSiO,; 0.001 MnO | 
0.222 CaSiO; 0.059 CaO 0.064 Na,O 
0.013 MgSiO; 0.004 MgO Al,03.2SiO2 0.027 K,0 0.616Si0O, 
0.007 K,O 
0.257 0.018 Na,O 0.091 


0.094 


| 
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and this could be calcd. to the proportions in which NasO+K,0 =1 in the usual way, 


giving : 


0.21 FeSiOs 0.06 FeO ) 
0.03 MnSiO; 0.01 MnO 
2.44 CaSiO; 0.64 CaO | 0.70 Na,O 
0.14 MgSiOs 0.04 MgO Al,O3.2SiO: 0.30 K,O 6.71 SiO» 
} 0.08 K,O 
2.82 0.20 Na,O 1.00 
1.03 


These results should not be taken too literally, since they do not take into account the 
possibility of assocn. or dissocn. A mathematical discussion of the usual expression 
for the evaluation of phys. properties in the form of a linear function of the oxide per- 
centages (A =a,X:+d2x.+ ... .) showed that it could be transformed into a similar 
expression in terms of silicate percentages. (C. A.) 

The determination of boric oxide in glass. K. TABATA AND S. Moriyasu. Re- 
searches Electrotech. Lab. Japan, No. 153, 32 pp. (1925).—As Chapin’s method for detg. 
BO; in glass is tedious because of the high content of water in the soln. and the in- 
adequacy of the dehydration action of CaCl, at the temp. of evapn., T. and M.’ im- 
proved the distn. app. by using paraffin bath instead of ordinary water bath and modified 
the manipulation by adding MeOH after evapg. the soln. to a sirupy state. Evap. 
the contents of the flask at about 140°, cool to 40—50°, add MeOH, heat to 80° and 
finally to 110°. When the vol. of the soln. becomes about that of original, cool to 
50-40°, add another portion of MeOH and repeat the same operation 3 times in all. 
With this improved operation the time necessary for distg. as methyl borate is shortened 
by half. (C, 

Post-war apparatus glasses. H. THIENE. Z. angew. Chem. 39, 193-94(1926). 
Resista glass vessels, as Pyrex imitations, are not found to be superior to Jena-glass 
articles for general lab. use as detd. by resistance to thermal shock, boiling HO and, 
dil. H2SO,4. Jena glassware lost only half as much in wt. during boiling with 2 N NaOH 
soln. as did Resista vessels of similar type. (C, As) 

Pollopas. H. R. Scuuiz, R. Scumipt, AND L. Scumipt. Keram. Rundschau 33, 
143 (1925); J. Soc. Glass Tech. (Abs.), 9, 104-5.—H. R. Schulz did not attach great 
importance to “‘Pollopas,”’ discovered by F. Pollak and R. Ripper of Vienna, because 
of its disadvantages. It was too soft for window glass, while its inflammability pre- 
vented its use for illuminating ware. The low hardness coupled with the small sta- 
bility of resin-like materials towards org. acids, alc., etc., precluded its use for chem. 
ware. The materials from which Pollopas could be made were far more restricted 
than those from which glass could be produced, limiting the range of variation of prop- 
erties of the former as compared with the latter material. Samples of Pollopas had 
not the same homogeneity and freedom from strain as had articles made from glass. 
R. Schmidt, while pointing out some of the possible uses of the material, also empha- 
sized some of the difficulties involved in its employment. Pollopas had a n similar to 
that of flint glass (mp 1.54 to 1.90), and although it could be employed for small lenses 
it was so soft as to be easily scratched. The material had the following mech. prop- 
erties as compared with glass and other materials: 


Glass Juvelith Pollopas Iron 
Compressive strength 60—130 11.7 22.3 200-90) 
Tensile strength 3-9 6 10 9—50 , kg. per 
Bending strength 2.5 sq.mm. 
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For objects made on the lathe, the new material would probably be very suitable, 
while its non-brittle nature made it suitable for motor-car windows, etc. Although 
stable to water in the cold, it swelled somewhat on heating, and by heating with an 
org. coloring agent in a weakly alk. soln. it could be suitably colored in the surface 
layers. For this reason it could be used for light-filters, while it gave good imitation 
opal glass and porcelain. The condy. of heat of Pollopas was 0.00184 (glass 0.00108 
to 0.00227) and the material was a good elec. insulator. ic. £9 
Crystals in stalactites from glass kilns. N. N. Smirnov. Trans. Inst. Exp. 
Silicates,(Russian) 1924, No. 16, 9-17.—Examn. of the stalactites showed them to be 
cryst. They may be placed with the tridymites. (C. A.) 
Stalactites from the continuous glass kilns. B.S. Suvetrzov. Trans. Inst. Exp. 
Silicates (Russian) 1924, No. 16, 5-8.—The mechanism of formation of stalactites 
during the time of cooling the kilns for repairs and their chem. compn. are given. 
(C. A.) 
Pulverized fuel for glass furnaces. O. Martz. Sprechsaal, 58, 151(1925); J. 
Soc. Glass Tech. (Abs.) 9, 133.—The advantages of using pulverized fuel were a saving 
in wages, use of inferior fuel, easy regulation of temp. and of flame conditions, and 
actual heat economy. The disadvantages were, necessity for a special drying and pul- 
verizing plant, high temp. in the ignition chamber, and possible contamination of 
the glass by ash. A calcn. was given showing that the saving over briquets was 59%, 
and that with 10°% excess air, a theoretical temp. of 1860° was possible. Further, 
there was sufficient waste heat to operate a leer and to raise steam. A plea was made 
for the trial of pulverized fuel in the glass industry. iC..A.) 
Glass sands of Ohio. J. A. BowNocKer. Ohio J. Sci. 26, 25-41(1926).—The 
glass sands of Ohio are described as to occurrence, winning and prepn. Chem. analyses 
of over 100 sands are given, including washed and unwashed material, ganisters, steel 
sands, blast sands, etc. Only in one case does this material approach the specifications 
for first-class glass sand and in this instance the Fe content is too great. The other com- 
mon impurities occur in considerable amounts. Ohio produces about 2% of the glass 
sand used in the U. S. (C. A.) 
American glass sands, their properties and preparation. C. R. FETTKE. Trans. 
Am. Inst. Min. Met. Eng., No. 1531-H, 25 pp. (Feb. 1926).—The effect of the chem. 
compn., fineness and size of grain on the value of glass sands is discussed. The Oriskany 
and St. Peter sandstones are the two major sources of glass sand in the U.S. W. Va., 
Ill., Penn., N. J., and Mo. in descending order produce over 80% of the glass sand of 
the country. The methods of winning and prepn. of this material are given. (C. A.) 
The devitrification of glasses. K. Tapata, K. YEGAMI AND S. Mortiyasu. Re- 
searches Electrotech. Lab. Japan, No. 162, 28 pp. (1925).—Samples were taken from 
depleted and newly manufd. radio transmitting and receiving bulbs whose previous 
histories were unknown. ‘They were exposed to temps. between 600° and 1000° and 
observed macroscopically and microscopically for their divitrifying temp. Re- 
sults of chem. analysis on each glass also are given. It is quant. shown that there are 
close relations between the chem. compns. and the mode of devitrification of glasses 
upon heating. Ah 
BOOK 


Die Fortschritte des Glastechnik in den letzten Jahrzehnten. LUDWIG SPRINGER. 
Braunschweig: F. Viewig & Sohn. 52 pp. R. M. 2.50. 


PATENTS 
Continuous tank furnace. E. T. FERNGREN. U. S. 1,581,338, April 20, 1926. 
A fur. for supplying molten glass to a pair of glass-working mach. comprising a melting 


3 
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tank, a pair of parallel refining tanks, and passages connecting the discharge end of the 
mtg. tank with the receiving end of the refining tanks, the passages being narrower than 
the refining tanks, and having 
their outer sides substantially 
in line with the outer sides of 
the mtg. and refining tanks. 
The method of distributing 
heat to a pair of parallel refin- 
ing tanks, which are fed from 
a single mtg. tank, consisting 
in having the enclosed htg. 
space above each refining 
tank, which spaces are supplied with heat from the chamber above the mtg. tank, overlap 
the outer sides of the refining tanks, so that a greater portion of this heat is directed 
above the outer portions of these 
tanks, and a lesser portion of the 
heat above the adjacent portions 
of the refining tanks. 

Machine for finishing glass- 
ware. N. T. E. SKINNER and 
A. J. SAnForp. U. S. 1,581,552, 
April 20, 1926. App. for fire 
polishing and finishing glassware 
comprising a ware-holder fluid- 
pressure means for moving said 
ware-holder successively to a 


ware-receiving position, a fire- 
polishing position, a finishing 
position, and a ware-detaching position, and means for attaching ware to said holder. 
Quartz working. E. R. Berry. U. S. 1,581,829, April 20, 1926. The method 
of producing clear vitreous quartz which consists - 
in mtg. crystalline quartz in an attenuated atmosphere, a | Re. 


removing bubbles therefrom by passing the quartz =~ NS 


while heated to a temp. of about 1750° C through | , 7 | 
a restricted opening, and causing the extruded silica 2 
to recoalesce. 

Glass feeder. E. T. FERNGREN. U.S. 1,581,922, 
April 20, 1926. The combination of a container 
for molten glass, an annular member projecting 
upward from the floor of the container and providing 
an open bottomed well through which glass is dis- 

= charged from the container, means for 

so { maintaining a supply of molten glass 

fe within the container with the level 
iy | of the glass above the upper surface 

“| of said member, a plunger projecting 
downward into the well, and means 

to periodically reciprocate the plunger up and down. 

Means for delivering charges of molten glass. R. LA FRANcE. U. S. 1,581,963, 
April 27, 1926. The combination of a receptacle to contain molten glass, having a 


{ 

i 
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discharge outlet, means to reciprocate said receptacle horizontally, an implement 
extending into the glass over said outlet, means to reciprocate said implement vertically 
in synchronism with the horizontal movements of the receptacle 
and thereby control the discharge of glass, and a cutter beneath 
said outlet operg. in synchronism with the movements of said 
implement to sever individual masses or charges of glass. 

Method of controlling the temperature of cast glass in the 
manufacture of sheet glass by vertical drawing. ERNEsT DELA- 
CUVELLERIE. U. S. 1,582,132, April 27, 1926. The method 
of controlling the temp. of molten glass in the manuf. of sheet 


glass in glass drawing furs., consisting in applying heat locally to 
the portions of the body of molten glass lying contiguous to the walls 
of the fur. before the glass reaches the drawing chamber of the fur. 
whereby to maintain the entire mass of molten glass at a uniform 
temp. during drawing opern. 

Apparatus for molding and annealing glass. W.G. CLARK. U.S. 
1,582,335, April 27, 1926. In combination, an annular frame rotatable 


on its own diameter and provided with inwardly pointing edge flanges forming an 
interior channel way around the frame; a combined mold and fur. body portion dis- 
posed within said frame and 
provided with a pair of peripheral 


72 


supporting flanges together form- 
ing an outwardly opening channel; 
supporting rings disposed between 


$444. 38 
said supporting flanges respec- 
tively and the adjacent edge 
flanges of the frame; rollers ro- 
tatably mounted on said_ rings 
radial thereto and engaging said 
flanges for rotatably supporting 
the body portion against move- 
ment in the direction of its axis; a series of rollers mounted. on one supporting flange 
and engaging the frame to hold the body portion rotatably mounted coaxial with 
the frame; a lid portion forming with said body portion a disk shaped chamber; and 
means for rotating the body portion as the frame is rotated. 

Method and apparatus for annealing and cooling sheet glass. O. A. WELLS. 
U.S. 1,582,496, April 27, 1926. In the method of annealing and cooling sheet glass, 
the steps consisting in supplying flat hot glass to a horizontally 
extending leer, passing hot gases through the leer in streams 
above and below the glass and withdrawing gases over sub- 
stantially the entire width of the leer intermediate the ends 
of the leer. App. for annealing and cooling sheet glass, in- 
cluding a horizontally extending leer tunnel, means for pass- 


ing sheet glass therethrough, means for introducing gaseous 

streams above and below the glass, and means intermediate 

the ends of the leer for withdrawing gases over substantially the entire width of the 
leer. 

Process of manufacturing glass and apparatus for carrying on this process. F. 

TRApscHUH. U. S. 1,582,560, April 27, 1926. The herein described process of draw- 

ing glass in flat sheets consisting in melting the raw mat., passing the molten mat. 


PX 
+ ] 56 
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in an even unchecked stream into drawing-tanks, and drawing the molten mat. from 
such drawing tanks in flat sheets, one transversely across the head-end of the mtg. 
tank and the other flat sheets _ x? 

parallel to the longitudinal axis and ” 
direction of movement of the melt- 
ing body of glass up to points 
close to the outermost edges of 
the molten body of glass in the 
drawing tanks. 

Glass feeder. A. R. BETHEI 
and U.S. 1,582,725, 
April 27, 1926. In a glass feeder, 
a glass discharge chamber having 
a discharge orifice, a reciprocatory 
plunger movable with relation to said orifice, a vibratory plunger actuating lever ful- 


crumed at one end and pivotally coupled to the plunger at its opposite 


ia end, a cam, and motion transmitting mechanism between the cam and the 
= 


lever acting on the latter between its ends, said mechanism comprising a 


member vibrated by the cam and a member for transmitting vibratory 

motion from said vibratory member to the vibratory 

plunger actuating lever, said members being adjustable relatively to 

each other and to said lever for varying the vibratory motion of the 
latter and the stroke of the plunger. 

Leer for annealing glassware. HENRY W. INGLE. U.S. 1,583,046, 

May 4, 1926. A glass annealing leer comprising a tunnel having a heated floor, and an 


endless carrier having one side of its ware-bearing stand in direct contact with said floor 
and the other side thereof in direct contact with the ware. 
Method of manufacture of articles in fused silica. H.GrorGe. U. S. 1,583,229, 


May 4, 1926. A method for mfg. articles of fused silica intended ° 
more particularly for electro-technical uses, comprising shaping A mR 
the articles by the direct action of mach. tools of suitable harness, = a 
mounted in a tool carrying mach. —— 
Glass-forming machine. J. F. Rute. U.S. 1,583,424, May 
4, 1926. Ina glass forming mach. the combination of a rotary 7 eed — 11 
mold carriage, molds thereon, a mold bottom associated with each d rr 
mold, heads on which the mold bottoms are mounted, and station- “| CY ee 
ary cam tracks each controlling certain of said heads and operable By oak of 
as each head reaches a predetd. point in its rotation with the mold : st HE 


carriage, to lower said head and tilt the mold bottom, each cam 

track operable to effect the tilting of the mold bottoms un- 
der its control independently of the other cam tracks and 
at a different rotative position of the molds. 

Mechanism for transferring ware from leers. L. D. 
Sousrer. U. S. 1,583,428, May 4, 1926. The combina- 
tion of a leer, leer pans therein comprising means to hold 
articles in upright position on the pans, a transfer device at 


the discharge end of the leer, and means operable to actuate said transfer de- 
vice and cause it to transfer the leer pans from the discharge end of the leer to | 
a position external to the leer and discharge the articles from the leer pans. 

Art glass and method of makingthesame. W.BLENKo. U.S.1,583,441, 
May 4, 1926. The method of making art glass which includes blowing glass . 


) | 
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in a mold to form a glass vessel, withdrawing the vessel from the mold, and, without fur- 
ther blowing of the vessel, flattening a portion thereof into a generally plane sheet. Asa 
new article of manuf., a sheet of art glass blown in a mold and flattened into a generally 
plane sheet without being blown after its removal from the mold. 

Method of forming glassware. W. G. 
HOuUSKEEPER. U. S. 1,583,464, May 4, 1926. 
The method of forming glassware which com- 
prises forming a core, applying a thin layer of foil 
to said core, pressing melted glass on said foil, 
removing the core, and thereafter removing the foil. The method of forming glassware 
having exact interior dimensions which comprises forming a core of approx. the dimen- 
sions of the passage desired, applying thin metallic foil to the surface of said core, oxidiz- 
ing the metal foil, surrounding said core and foil with a glass vessel of slightly larger 
interior dimensions, fusing said glass by heat, 
pressing the fused glass in contact with the said 
foil, slowly cooling said glass vessel, removing 
said core, and thereafter dissolving said metal 
foil in acid. 

Forming continuous sheet glass. E. T. 
FERNGREN. U. S. 1,583,541, May 4, 1926. 
In the art of making sheet glass, the method of 
handling the glass before forming the sheet 
which consists in delivering the glass orginally 
as a relatively wide and shallow flow toward and over the exterior of a horizontally 
positioned member in a manner to divide the glass into 
two shallower flows proceeding downwardly on said 
member, in uniting said flows into a single flow beneath 
said member, and thereafter in again dividing and re- 
uniting the said single flow in a similar fashion prior to 
the application of drawing force thereto. 

Apparatus for cutting sheet glass. E. T. FERn- 
GREN. U.S. 1,583,542, May 4, 1926. In combination 
with means for feeding a sheet of glass longitudinally, 
a sheet scoring mech. comprising a cutter member, 
a cutter-carrying arm, means for holding the cutter 
yieldingly against the sheet, means supporting the 
opposite face of the sheet, and a carrier for the arm and supporting means adapted to 
move with the sheet at right- 


£3 «(C47 


angles to its direction of travel. 
Channel oven for ceramic 
and chemical purposes. H.T. | 
11, 1926. Achannel oven for QOS 
firing ceram. and chem. devices 
having a plurality of mixing meal 


chambers formed within the 


walls of the oven and termi- Cee 
nating in burners for air and 

gas mixt., supply channels for air, and sep. supply channels for gas communicating 
with the mixing chambers, and sep. regulating means for the air and for the gas at each 
mixing chamber. 
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Process and apparatus for making sheet glass. K.L. W. Core. U.S. 1,583,779, 
May 11, 1926. A process for making sheet glass which consists in flowing the glass 
from a molten bath to the pass between a pair of forming 
rolls, driving the rolls at the same peripheral speed, 
and shifting the relation of one of the rolls to its driving 
means to bring the rolls into parallelism in case they 


become bowed away from each other in service. 
Apparatus for making sheet glass. W. Owen. 
1,583,793, May 11,1926. Incom- || || | | Se 


bination in app. for making sheet 
glass, a pair of opposing tank receptacles each containing a bath 
of molten glass, and provided with opposing lateral outlets, a 
pair of rolls opposite each outlet in close proximity thereto to 
receive the glass therefrom with the passes therebetween under 
the head press. in said receptacles and with the lower members 
of such pairs of rolls spaced so as to provide a vertical pass there- 
between adapted to receive and press together the ribbons 
formed between the pairs of rolls, 
and means for rotating at least one roll of each of said 


pairs of rolls. 

Apparatus for making plate glass. W. G. WaTsON. of 
U. S. 1,583,817, May 11, 1926. App. for making plate 
glass comprising a pot mtg. fur., a casting table, anda ~*~. ~~ 


tunnel soaking kiln with its discharge end located at a , } | 
point adjacent the casting table, and means for carrying 
the glass mtg. pots, contg. the glass which has been melted 
and fined in the fur. through the kiln. 
Method and apparatus for feeding molten glass. J. R. Ketter. U.S. 1,583,932, 
May 11, 1926. App. for feeding molten glass, comprising a 
=— container for the glass having a downwardly opening dis- 
charge outlet, means for supplying glass continuously to said 
outlet, a vertically reciprocable cup disposed beneath said 
outlet and having a discharge opening in vertical alignment 
with the discharge outlet of said container, a stationary 
post associated with said cup and having its lower end in 
vertical alignment with the 
discharge opening of said cup, 
the said post having passages 
for the discharge of glass laterally into said cup. 
Apparatus for annealing glassware. V. MULHOL- 
LAND. U.S. 1,584,241, May 11, 1926. A glass annealing 
leer comprising a tunnel having a bottom, a flexible endless 5 
conveyor having its waree 


bearing strand extending 
mere through said tunnel and in contact with said bottom, a 
kee sprocket chain secured to each edge of said conveyor, and 
mech. for driving said chains. 
Device for fusing glass extensions onto glass vessels. 
E. Scuott, A. HASENSTEIN, and K. DitscHer. U. S. 


1,584,661, May 11, 1926. A device for fusing glass 
extensions onto glass vessels, glass tubes and the like, contg. a base plate, a guide 
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rotatably supported on this base plate, and a gripping device fixed on this guide in 
such a way as to be displaceable relatively to it in a plane, contg. the axis of rotation 
of the said guide. 


Heavy Clay Products 


A chemical study of the absorption of sulphur dioxide from kiln gases by ceramic 
ware. F.G. Jackson. Jour. Amer. Ceram. Soc., 9 [3], 154-73 (1926).—Two clays rich 
in scum-forming bases are studied. One is practically free from sulphur, the other 
heavily charged with it. Draw trials of these clays are taken from lab. and commercial 
kilns at suitable temp. intervals. Commercial firings typify min., av., and extreme 
sulphur exposure in coal-fired kilns. Lab. firings are in imitation of them. The draw 
trials are analyzed for water-sol. sulphates and bases and the percentages of the appro- 
priate sulphates are presented in the form of tables. Comparisons of results show that 
the temp. attained has much more influence on the amt. of sulphates formed in the ware 
than concn., or time of sulphur exposure. Calns. show that even under the most 
favorable firing conditions, with 0.5% sulphur coal on a 64-hour schedule of firing, 12 
times as much sulphur is available as is actually absorbed. Even under the most 
severe conditions the concn. of sulphur gases from the coal in the kiln gases is so small, 
(1%), and the max. evolution of sulphur gases from the ware is such a small fraction 
(2.6%) of the vol. of kiln gases, that the effect of the former in retarding the formation of 
the latter according to the Law of Mass Action, must be unnoticeable. It is, therefore, 
futile to try to avoid sulphate formation with coal as a fuel by seeking a coal low in 
sulphur. The method of study used is recommended for intensive invest. of firing con- 
ditions with the object of attaining max. economies. 

De-airing as corrective in drying. FRED BraNnp. Jour. Amer. Ceram. Soc., 9 
[4], 189-96 (1926).—The physics of mech. removal of water from clay involves character 
of pores, adsorption capillarity and it also involves air-filled cavities. Theory of clay 
particle system when plastic is set forth and argument is made for the effect of air on 
water removal and on drying shrinkage. 

Manufacturing clay roofs. ANON. Brick and Clay Rec., 68 |8|, 620(1926).—Clay 
shingles are manufd. by extruding the clay through a triangular-shaped die, into a hollow 
triangular column. ‘The column, as it comes from the press, is partially cut at the 
corners and the column is cut off in 3- or 4-ft. lengths. The triangular forms are dried 
and cut into desired widths. Exteriors are scored to give an ornamental surface. The 
shingles are fired in downdraft kilns, to a density not to exceed 8°% absorption. In most 
cases the absorption is less than 4%). After the ware is fired, the triangular forms are 
broken at the thin edge, into individual pieces. Any color which can be obtained on 
face brick can be obtained on clay shingles. R. E. G. 

Pebble-tex. James E. RANDALL. Clay Worker, 85 |4], 287-92 (1926).—R. gives a 
complete illusd. description of the new plant of the Brazil Clay Co., Brazil, Indiana. 
The plant is of the newest design and contains many novel features. .#..G. 

Use of manganese as a face brick color in clay or shale brick. W. M. Foore. 
Clay Worker, 85 [4], 300-301(1926).—-In coloring face brick with manganese, the 
following should be noted: (1) quality of the manganese should be constant, (2) the 
manganese should be very thoroughly mixed, and (3) if only the face of the brick is to 
be colored, the manganese should be added to the clay column and the powder or grains 
pressed permanently into the clay by means of rolls. The color depends on: (1) the 
manganese content, (2) the fineness of grain, (3) the degree of temp. reached in firing. 
Speckling is dependent upon: (1) the size of grains, and (2) the quantity used. Coarse 
granulation, (10 x 20) gives only large, coarse spots. Fine granulation (40 x 80) pro- 
duces only small spots. 60-mesh mat., with fines, gives medium spots with colored 
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ground. An 8-mesh mat. with fines gives large and medium spots on a colored ground. 
Matt or dull blacks are obtained by (1) when the finishing heat is reached, creating a 
reducing atmosphere in the kiln and firing in 2 lb. lots, 1 to 5 Ibs. of 100-mesh man- 
ganese per 1000 brick, depending upon the color desired; (2) dipping twice in a slip 
made of 25% of 100-mesh manganese powder, 25% salt and 50% finely ground clay. 
Glazed blacks are produced by firing 3 times, 20% salt with 80% of 100-mesh manganese 
powder at the end of the firing, as is done in salt glazing. Black headers are made 
with 100-mesh manganese by (1) brushing with a thin creamy water paste of manganese 
just before firing, (2) dipping the green or dry brick twice, in dry manganese powder, 
(3) mixing 25 to 50% manganese powder with molding sand, according to the color 
desired. Brown brick are made by mixing 20 to 40 Ibs. of 100-mesh manganese per 1000 
brick with red firing clays. These should be fired to 1800 to 2200°F. Gray brick are 
made the same as brown brick, except that a white or buff firing clay is used. Usually 
about 30 to 50 Ibs. of 60-mesh manganese per 100 brick is best. If speckles are desired 
in the brown or gray brick, they may be obtained by using‘a 10- to 20-mesh manganese. 
R. G. 
Tests of hollow tile and concrete slabs reinforced in one direction. D. E. PARSONS 
anD A. H. Stance. (U.S. Bur. Stand.) Chem. News, 132, 267 (1926).—Comparative 
tests on typical combination hollow tile and concrete floor beams showed that the tile 
increased the resist. to bending stresses approx. in propn. to the modulus of elasticity of 
the tile, and the resist. of a concrete rib to shearing stresses in general by about 50%. 
Competition of prison made products. ANON. Manuf.in Canada, 1 |4], 10(1926). 
The question of competition of prison labor with free labor is being investigated. Evi- 
dence indicating competition with prison labor of the U. S., as well as Can., has been 
found. 
Clay products in modern buildings. CHARLES Do_pHin. Manuf. in Canada, 1 
[4], 13-15(1926).—The early history of brick and their development is discussed. 
Variety of surface and methods of laying up the brick for different effects are mentioned 
Extensive use of terra cotta, tiles, and pottery in bldgs. is stressed. EB. 3. ¥- 
Cooksville bark brick. ANON. Manuf. in Canada, 1 |4], 38(1926).—A new type 
of face brick of unique and distinctive texture has been placed on the market by the 
Cooksville Shale Brick Co., Ltd., Cooksville, Ont. A variety of colors can be had. 
Why not a standard size for brick? ANon. Manuf. in Canada, 1 [4], 36-38(1926). 
Advantages of a stand. size brick are set forth. A brief sketch of standardization 
history is given. Opinions and suggestions by J. P. Anglin and H. Frechette are quoted 
as given by them in response to queries on the subject. =e ae 
Toronto Kiwanians hear about brick. ANON. Manuf. in Canada, 1 |4], 38(1926). 
Everett Glen’s address on ‘‘The Importance of Face Brick in Home Building” is men- 
tioned. 
PATENTS 
Hollow wall construction and building block. FREDERICK HEATH and F. T. 
HEATH. U.S. 1,581,574, April 20, 1925. A hollow building tile of rectangular hori- 
zontal cross section, the said tile having a plurality of large voids defined by the outer 
walls of said tile on two sides thereof and on the other sides by webs having smaller 
voids therein, said webs uniting at a common point and having a void at the point of 
junction of said webs whereby said tile may be divided into a plurality of smaller tiles 


a - 


216 CERAMIC ABSTRACTS 


each having two of its sides formed of portions of said webs, said void acting to pre- 
vent fracture of the tile in any other manner than that desired. 

Tile cleaning and stacking machine and method. E. W. 
Zexw. U. S. 1,581,774, April 
20, 1926. The method of re- 
moving surplus dust from unfired 
tile, consisting in successively 
shaking the tile to loosen the 
surplus dust thereon and pneu- 
matically removing said dust. 
Hollow-masonry wall construction. T. FELLOws. 
U. S. 1,582,170, April 27, 1926. A hollow unit construction consisting of spaced 


walls of brick, and transverse brick headers bonding to- 


4? ais ja, ad gether the spaced walls, the headers extending wholly 
LT through one of said walls and part-way through the 
eo es other of said walls, and brick units in the space unfilled 

4 by said headers, said units coéperating with other units 


to present an entire stretcher face of brick and wholly 
concealing the headers. 

Salt glazing. H.G. Scuurecut. U. S. 1,583,901, May 11, 1926. The methods 
of salt-glazing ceram. ware which comprises volatilizing an alkali metal chloride and a 
volatile mat. contg. zinc in a kiln contg. the ware during the firing thereof. 

Salt glazing. H.G.Scuurecut. U. S. 1,583,902, May 11, 1926. The method of 
salt-glazing ceram. ware which comprises volatilizing potassium chloride in a kiln contg. 
the ware during the firing thereof. 

Scum prevention. H. G. Scuurecut. U. S. 1,583,903, May 11, 1926. The 
method of preventing the formation of detrimental sol. salt scum on clayware which 
comprises adding to the clay a precipitant to react with the sol. scumming salt to form 
insol. and sol. salt products, and adding a second precipitant to render the sol. product 
insol. 

Hollow tile. H. Garsper. U. S. 1,583,921, May 11, 1926. A hollow tile of the 
class disclosed, comprising: side walls provided with 
oppositely disposed equilateral vertical cells; end walls 
connecting the ends of said side walls; and an inter- 
mediate wall connecting said side walls and provided 
with a vertical elongated cell extending in alignment 
with said equilateral cells, said side walls being pro- 
vided with breaking grooves adjacent said equilateral 
cells. 

Hollow tile for building walls, etc. 
J. C. KELtEy. U. S. 1,584,379, May 
11, 1926. A hollow tile comprising a hollow body having integrally 
formed hollow arms extending outwardly therefrom in spaced 
substantially parallel relation and forming a recess between said 
arms slightly broader than the thickness of each of said arms, said hollow tile being 
adapted to be laid in end to end relation with other tile of like shape to form a wall 
with their recesses in alignment and with smaller tile inserted in said recesses and 
extending across the joints between the courses of larger tile. 


Refractories 
. Properties of silica brick from coke oven walls. S.S.CoLe. Jour. Amer. Ceram. 
Soc., 9 [4], 197-202 (1926).—-Silica shapes from coke ovens were tested to see what change 
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had occurred after long service. Brick from Chicago and Birmingham districts were 
examined. Chem. anal.: sp. gr., porosity, fusion values, and petrographic examinations 
were obtained on the samples. 


A study of mullite refractories formed by calcining cyanite, their industrial applica- 
tion. M.L. FREED. Jour. Amer. Ceram. Soc., 9 [5], 249-56(1926).—This paper is a 
progress report of an invest. dealing with refrac. bodies made of cyanite, either raw or 
calcined, and which was taken from a recently discovered deposit in India. The bodies 
were subjected to stand. and modified lab. tests for high grade refracs. Petrographic 
anal. indicated complete conversion to mullite in the test specimens and the results of 
the lab. test indicate the bodies to be equal in quality to many so-called ‘‘super-refrac- 
tories’’ now on the market. 


The effect of atmospheric conditions on the load test for refractories. L. F. SHEERAR. 
Jour. Amer. Ceram. Soc., 9 |5], 279-89(1926).—The literature relative to the invest. 
was reviewed and criticized. Iron pyrite was added to clays in amounts varying from 
0to5%. Test pieces 2 x 2 x 43 inches were fabricated by the stiff-mud and dry-press 
processes. After firing to cone 8 these were subjected to load tests at 1350°C under 
oxidizing, neutral, and reducing conditions. Expansion and contraction values were 
plotted against time and temp. Results under reducing conditions. Expansion and 
contraction increased with increase of pyrite content. 


An investigation of checker brick for carbureters. C. W. PARMELZE AND A. E. R. 
WESTMAN. Jour. Amer. Ceram. Soc., 9 [5], 290-97 (1926).—A progress rept. of an 
invest. of checker brick for carbureters which is being conducted by the Dept. of Ceramic 
Eng. of the Univ. of Ill. in coéperation with the gas companies of northern Ilinois has 
been presented. The methods used in carrying out commercial and lab. tests and the 
data so far obtained have been submitted for discussion and criticism. When the in- 
vest. has been completed a final rept. will be made. 


The determination of the bulk and pore volumes of refractory materials. M. L. 
HARTMANN, O. B. Westmont, AND S. F. MorRGAN. Jour. Amer. Ceram, Soc., 9 [5], 
298-310 (1926).—A new sand displacement method for the detn. of the bulk vol. and 
bulk specific gravity of refrac. or other mat. is described. A gas porosimeter with a 
vertical U-tube manometer for the detn. of pore vol. of mat. is also described together 
with calens. of the possible errors. The porosities, bulk sp. gr., and calculated true 
sp. gr. of 15 types of refrac. bricks obtained by means of these two methods, and the 
usual water absorption method are tabulated for comparison. 


Cyanite-clay refractories._I. H.C. Harrison. Jour. Amer. Ceram. Soc., 9 {5}, 
257-71(1926).—The dissociation of cyanite into mullite was studied. Bricks were 
made of various mixes and their properties are given. 20% is about the min. amt. of 
clay which will give the proper bond. It was found desirable in some cases to add MgO 
in small amounts to promote a crystalline bond between the dissociated cyanite grains 
and the bonding mat. Equilibrium considerations of cyanite-clay refractories.—II. 
W. J. McCauGHEY AND H. C. Harrison. Jbid., 271-78.—The phase rule equilibrium 
relations are discussed. 

Industrial boiler efficiencies. SamueL D. Fitzsimmons. Mech. Eng., 48 {5}, 
412 (1926).—F. points out that low fur. draft and more effective use of radiant heat are 
desirable. The life of fur. refrac. is materially lessened by the unabsorbed radiated 
heat. The effectiveness of radiated heat is one of the chief advantages of the stoker 
over pulverized-fuel practice. The efficiency of the pulverized fuel fur. results partly 
from its high temp. which in turn is partly caused by absorption of radiant heat. 


C. J. H. 
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Refractory material in carbonization practice. A. H. MippLeton. Gas World, 
83, (Coking Sec.) 13(1925).—M. describes 3 mats., viz; fire clay, semi-silica and silica 
used in coke oven construction and gives general properties of the various refracs. 
Description of expansion and relation of silica measured in oven and that in lab. is 
shown by curves. Use of good jointing mat. emphasized and the application of refracs. 
experience to gas works experience. oo <. 

Expansion of silica brick used in tunnel kilms. Cuas. M. PEAsE. Brick and Clay 
Rec., 68 [9], 705 (1926).—P. records observations upon the expansion of the silica brick 
in the arch and haunch walls of the tunnel kiln built at the plant of the Electrical 
Refractories Co., East Palestine, Ohio, while the kiln was being brought up to operg. 
temp. The heat was advanced 50°F per 24 hrs., during the range of temps. between 
500 and 750°F, as during this period the vol. change in the silica brick was greatest. 
After this period the temp. advance per 24 hrs. was 150°F until 1500°F had been reached, 
at which temp. the vol. change had ceased. Thereafter the temp. rise was 200°F per 
24 hrs. until the operg. temp. of 2400°F had been reached. After reaching 2400°F 
and going into full opern. the silica arch was in excellent condition. Re. G. 


Notes on: (1) testing for refractoriness and after-contraction (2) a few experiences 
with refractories in vertical retorts.—II. T.F.E. RHEAD AND R.E. JEFFERSON. Trans. 
Ceram. Soc. (Eng.), 25 [1], 6-38 (1926).—It is of vital importance for the gas engineer 
to know at what temp. a refrac. starts to deform under actual working conditions, how 
rapidly this deformation increases with rise of temp. and of chem. attack of vapor, gases, 
flue dust, etc. A definite size of cone ground from the refrac. block to the same shape 
as a Seger cone, with one edge perpendicular to the plane of the base is htd. with the base 
horizontal to the specified Seger cone; taken from the fur. and examd. with a straight 
edge to see whether it shows signs of bending, or matrix running out constituting the 
definition of signs of fusion. The rate of htg. shall be 50°C per 5 minutes, in an oxidizing 
atmosphere. It is proposed to call this the ‘Gas Engineer’s Refractoriness Safety Test.” 
Some consultants report the refractoriness test on test cones made from ground up 
samples, and, of course, the results are not comparable with the correct test. The fine 
grinding and intimate mixing profoundly alter the phys. charac. of the original refrac. 
Powdering lowers the refractoriness. Probably the most important test in the present 
Gas Engrs. specif. is the after-contraction test. It throws light on the correctness or 
otherwise of the heat treatment already given to the refrac. by the manufacturer. The 
specif. stipulates that ‘‘test pieces 2} —3 inches long x 13} —2 x 1} —2 inches, when heated 
to a temp. of 1410°C (approx. Seger cone 14), and maintained at that av. temp. for 2 
hours, shall not show an after-contraction or expansion of more than 1% for retort mat., 
or 0.75% No. 1 grade fire brick, or 1.15% No. 2 grade fire brick, or 0.5% for silica—a 
tolerance of 0.1% being allowed for exptl. error—the av. of 2 tests shall constitute the 
result.’’ Special instructions are given as to grinding, marking, rate of htg., oxidizing 
atmosphere and temp. control. Fur. design profoundly affects the results. Brief 
accounts are given of meas. of the expansion of a vertical setting while being brought 
into commission and observations made during the dismantling of a retort setting. 

The effect of repeated firing on the structure and properties of lime-bonded silica 
bricks. W.HuGILL AND W.J. REEs. Trans. Ceram. Soc. (Eng.), 25 [1], 82-90 (1926). 
—To observe the effect of repeated firing on lime-bonded bricks made from Sheffield 
ganister, a batch of 44 bricks (9 x 4} x 3} inches) was taken without special selection 
from an ordinary commercial make. One of the raw bricks was broken down and examd. 
for grading. The bricks with distinguishing marks on them were then set together in 
the kiln. After the first firing, 4 bricks were put aside for examn. and the remainder 
were refired in the next kiln and so on. In all, 11 refirings were made. No special pre- 


. 
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cautions were observed in handling the bricks. Tables and graphs show the results" of 
the tests made on the bricks. Compression and transverse tests were each made on 2 
bricks from each refiring. The results indicate the importance of the ‘‘soaking”’ period 
of the firing. It isa reasonable assumption that if, in the first firing, the max. temp. had 
been held (without any increase in temp.) for twice as long, the powder density would 
have been at least as low as that shown for the second firing. There is very little change 
in vol. after the first firing, the linear expansion measured being negligible. There is a 
steady fall in porosity down to the 7th firing after which it remains fairly constant. It is 
evident that, after the first firing, most of the inversion has taken place by an interlacing 
crystallization or crystal growth of cristobalite and tridymite in the melt. The increase 
in crushing strength up to the 7th firing is noteworthy, and the gradual increase in 
toughness after the 6th firing was particularly noticeable. Lengthening the duration of 
“‘soaking”’ period of the firing will decidedly increase the mech. strength of the bricks. 
Chem. anal. were made of bricks from the 1st and 11th firing, and it is shown that there is 
no change in compn. resulting from the repeated firing of the bricks. R. FS. 
Specifications for refractories. M.C. Booze. Fuels and Fur., 4 [5], 553-56(1926). 
There are many ways for changing the properties of refrac. products, but the degree to 
which such changes can be made is limited because of mfg. difficulties. It is practically 
impossible to develop a product from the common raw mats. which possess high resist- 
ance to all the agencies tending to cause destruction. Conditions of the service should 
be well known when refracs. are chosen for any particular purpose. The refrac. mat. 
should be chosen to take care of the most important cause of failure. It is common 
practice to buy refracs. under specification, but in a large number of cases these have 
proven impractical and have been disregarded. Two mistakes are common in these 
specifications; the first is an attempt to specify ‘‘first quality’”’ fire brick regardless of 
service and the other is the use of tests which are not standard. A number of specifications 
employed by various manufacturers are given and their impracticability is pointed out. 
In most cases these specifications are too rigid and do not conform as closely as they 
might to service conditions. In the light of present knowledge it is hardly possible to 
draw specifications for any definite use which will do more than eliminate products which 
are not at all suitable. R. M. K, 


Bauxite on the gold coast. Lioyp T. Emory. Eng. Min. Jour.-Press, 121 |11], 
443-46 (1926).—Bauxite was first reported on the Gold Coast of Africa by A. E. Kitson 
in 1916. The most important deposits are situated in two rather sepd. districts, namely 
on Mt. Ejuanema in the East. Province and in the Affo Range in the West. Province. 
The Mt. Ejuanema deposit is about 14 miles and 1600 ft. above a railway station and 
111 miles from a sea port. The bauxite deposit rests as a cap on the flat top of Mt. 
Ejuanema. The summit of the mountain is about 1 mile long and } mile wide at its 
widest point. The ore, which is composed of massive and rubbly bauxite has an av. 
thickness of 23 ft. Its origin, according to K., is the clay shales which by the natural 
abstraction of silica have been converted from the hydrated silicate into the hydrated 
oxide. An av. anal. of the bauxite is as follows: alumina, 60.55%, iron oxide, 9.75%, 
silica, 1.42%, titanium oxide, 2.21%, lime and magnesia, 0.73%, and water of crystalliza- 
tion, 25.59%. According to the Geological Survey estimate there is 4,359,000 T. of ore 
in the deposit; however, the cost of transporting the ore to the coast would prevent it 
from being exported on a competitive basis with ore from other parts of the world. 
The deposits of the Affo Range are poorer in quality but the tonnage is larger. K. 
estimates that there is more than 22,000,000 T. of ore that will average over 55.77% 
alumina and less than 1.88% silica. Economic development of these deposits at the 
present time is hindered only by the transportation factor. Labor is inexpensive although 
the supply of trained labor is limited. A. H. K 


. 
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Melting point of coal ash. Hans Brocue. Archiv fiir Warmewirtschaft, 7 |4), 
99-102 (1926).—In order to study the tendency of coals to form slags, the m.p. of the 
ashes were detd. by the method of Sinnatt. The coals were crushed to pass a sieve of 
576 meshes per sq. cm., and fired at temps. of 800 to 850°C. The ash was then 
ground to pass a sieve having 6400 meshes per sq. cm., and rendered plastic by a 10% 
dextrin soln. For testing, threads of 0.78 mm. diameter were pressed and cut to 0.5 cm. 
length and melted in a quartz cylinder. The m.p. of coal ash is considered useful data 
in addition to the chem. anal. of the ash to indicate slag forming effect. Sinnatt has 
shown that a study of the m.p. of ash from mixts. of coal may show means for controlling 
and in general raising the m.p. of the ash. While the coals leaving the most fusible ash 
are generally most given to slagging, other factors, such as the size of the lumps and 
phys. character of the coal and firing conditions also affect slag formation. E. E. P. 

Graphite. JEFFERSON MIDDLETON. Chem. News, 132, 240(1926).—The domestic 
production of graphite was 4.971 short T. in 1924, which is 18% less than in 1923. The 
decrease was entirely of the crystalline variety, which was produced only in Ala. and 
Texas. The reduced production was due in part to foreign competition in spite of a 
tariff of 13 cents a lb., and in part to a lessened demand for crucibles occasioned by the 


extended use of elec. fur. 
Special refractory problems. R.H. Minton. Chem. Met. Eng., 33, 215(1926). 
H. S. 


The addition of chromium oxide to silica bricks. S. SANDLUND. Jernkontorets 
Annaler, 109, 358-72 (1925); cf. C. A. 19, 566.—Chromium oxide contg. 89.25% Cr.0; 
was prepd. from K2Cr.O; and C in a lab. fur. Silica bricks were made with addn. 
of 0, 2, 3 and 4% of this product, the 4 brick species being called, resp., S, CrS2, CrS; and 
CrS,. Anal. are given. The following table shows the phys. properties of the bricks: 


Temp. of Weight in 
Quality beginning weakness Sp. gr kg. per I. Porosity 
(Degrees) 
S 1650 2.33 1.95 0.16 
CrS, 1645 2.35 1.89 0.20 
CrS; 1630 2.36 1.835 0.22 
CrS, 1620 2.39 1.845 0.23 


The resis. to slags was tried in a small elec. arc. fur., 3 types of slag being used, (1) and 
(2) being acid Martin slags contg., resp., 57.7, 45.94°% SiOz; 22.76, 33.39 FeO; and 
13.89, 15.59°% MnO besides other minor constituents. (3) was a Bessemer slag contg. 
50.47% SiOs, 8.36°% FeO, 35.74% MnO, etc. Anal. of the slags after smelting in dif- 
ferent linings show that CrS., CrS; and CrS, were nearly unattacked by all the 3 slags, 
no advantage being observed with the higher contents of Cr,O; as compared with the 
2% type. The S bricks were markedly attached by slags (1) and (2) but not sub- 
stantially by (3). The analytic observations were verified by microscopic examns. of 
the used bricks. 
Selecting refractories for use in metallurgical furnaces. E. R. Toews. Jron 
Trade Rev., 78, 508-509, 638-40 (1926).—The following are the necessary charac. for 
metallurgical refrac.: high softening and melting temp. under normal load; high resist- 
ance against sudden and sharp changes in temp.; chem. inertness; least possible change 
in shape and vol. under all practical melting conditions; low heat condy.; high mech. 
resistance; uniform compn.; ease of dressing brick in laying; accurate and uniform meas. ; 
smooth and sharp-edged surfaces. The grain size of raw mats. influences the properties 
of SiO, brick. The lack of resistance against temp. changes in magnesite brick neces- 
sitates careful treatment. (Cc. 
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Refractories for high temperatures, especially for electric furnaces. D. W. BERLIN 
AND J. HARDEN. Jernkontorets Annaler 1922, 186-87; J. Inst. Metals 33, 558.-—A mixt. 
of fused magnesite crushed to 0.5 mm. 75, Cr ore crushed to 0.5 mm. 20, magnesia alba 
5% has proved to be an excellent refrac., especially in elec. fur. used for the mtg. of 
metals. This refrac. does not bring any C or other foreign matters into the bath. Defi- 
nite conclusions cannot as yet be drawn as to its shrinkage and freedom from cracking 
on cooling. (C. A.) 

Carborundum refractories. IAN STEWART. Chem. Eng. Min. Rev., 18, 151-54 
(Jan. 1926); cf. C. A. 20, 712.—The most important type of carborundum refrac. 
contains over 90% pure cryst. and infusible SiC, bonded by the addition of a small amt. 
of highly refrac. but fusible mats. Carborundum is infusible but decomposes at approx. 
2300°. Its thermal condy. is 8-10 times that of fire clay or silica. A new type of radiat- 
ing combustion chamber is described, in which liquid, gaseous, or pulverized fuels are 
burned in a flue of small cross section but considerable length, composed of SiC tile less 
than 2 in. thick. With this type it is possible to burn liquid and gaseous fuel at a rate 
equal to 375,000 B. t. u. per cu. ft. of combustion space per hr., and pulverized coal at 
the rate of 225,000 B. t. u. per cu. ft. per hr. Finely divided sponge Fe was produced on 
a commercial basis, and a decrease in fuel consumption of 25 to 35% with an increased 
production has been effected in the porcelain enameling industry. There is also a large 
field for SiC in the steel industry, despite its high cost. (Cc. #2 

Refractory materials in carbonizing practice. A.H. MIDDLETON. Colliery Guardian 
131, 160-61 (1926).—A general discussion of various mats. Data show that the coking 
time of coal is reduced almost to 0.5 when semi-silica walls are replaced by silica walls, in 
consequence of the superior heat condy. of the latter and the higher temp. obtainable. 
Measurements of the thermal expansion of silica,in ovens showed that expansion is 
almost complete at 600°. On the other hand silica is more sensitive to heat at lower 
temps. than fire clay or semi-silica, and it is imperative that the rate of htg. be slow 
below 600° and that an even temp. be maintained throughout. When properly used, 
ground ganister is a satisfactory jointing mat. for silica constructions. (cA) 

Some properties of clay-sillimanite mixtures. J. W. H. S. Houtps- 
worTH. British Clayworker, 33, 274—76(1924); J. Inst. Metals, 33, 564.—The effect of 
the addn. of sillimanite in varying proportions to Farnley fire clay on the drying and 
firing shrinkages, porosity, true and apparent sp. gr., refractoriness, reversible thermal 
expansion, and resistance to attack by NaxO-CaO glass and by basic slag is investigated. 
The presence of 50°% of sillimanite or more leads to a pronounced increase in refrac- 
toriness; but though a mixt. contg. 90% sillimanite is very resistant to attack by glass 
and slag, mixts. contg. less than 70% do not seem to offer any advantage over fire clay 


alone in this respect. 
PATENT 
Production of zirconium oxide. H. S. Cooper anp L. R. P. Bensinc. U. S. 
1,582,126, April 27, 1926. In a process of prepg. commercially pure zirconium oxide, 


the step which consists in subjecting anhydrous zirconium chlorid, substantialiy free 
from iron, to the hydrolyzing action of moisture and htg. at progressively increasing 
temps., thereby producing zirconium oxide. 


Terra Cotta 


The use of overglazes for polychrome terra cotta. A. LEE BENNETT. Jour. Amer. 
Ceram. Soc., 9 [4], 185-88 (1926).—The flexibility and economy of single-fire overglazes 
as compared with other polychrome methods are emphasized. Insol. mats. are prefer- 
able. A base white overglaze formula and its prepn. and application are given. These 
single-fire overglazes have been used commercially with excellent results. 
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White Wares 


An accelerated abrasion test. C. H. GeisTER. Jour. Amer. Ceram. Soc., 9 |3), 
121-25 (1926).—A suitable abrasion app. is described which is capable of measuring the 
wear resistance of flooring mats. having widely varying physical properties. The 
requisite resistance conditions of wear necessary to produce results comparable to those 
obtained in actual service are given. Other abrasion methods and their shortcomings 
for use in this problem are summarized. 

Endurance of flooring materials. C. H. GEISTER. Jour. Amer. Ceram. Soc., 9 
|3], 126-30 (1926).—The findings of a practical invest. of flooring mat. are summarized. 
The endurance and sanitary properties of the mat. were detd. by use of the abrasion, 
absorption, indentation, chem., stain, and age tests. The methods used are described. 

Progress report on investigation of sagger clays. R.A. HEINDL. Jour. Amer. 
Ceram. Soc., 9 [3], 131-43 (1926).—This paper is the first progress report of a compre- 
hensive study of sagger clays. It includes the results of a preliminary study of clays 
representative of those used in sagger making throughout the U.S. Chem. anal., and a 
summary of phys. tests, petrographic examinations, and the effect of repeated firings in 
pottery kilns are given. Asa result of this work the clays have been classified into 5 
groups characterized by properties in the fired state. The paper also contains an out- 
line of a proposed intensive and fund. study of a limited number of clays typical of each 
group. 

The deflocculation of clay slips and related properties. E.W. ScripTuRE, JR. AND 
EDWARD SCHRAMM. Jour. Amer. Ceram. Soc., 9 [4], 175—-84(1926).—In an earlier 
paper the authors have given the particle anal. and other tests of a number of English 
china clays, one English ball clay and several domestic kaolins. In this paper are 
presented the following additional data for the same clays: the carbon content as a 
measure of organic matter; the change in state of dispersion with pH for 20% slips as 
detd. by settling tests; the change in viscosity with pH as detd. with 40% slips; the 
alkali absorption for 20° and 40% slips. The more plastic clays are characterized by 
high organic content, high alkali absorption, and dispersion at low pH. Casting slips 
made up with the different china clays and two ball clays in varying proportions show 
that ball clay causes fluidity and that the plastic china clays produce more viscous slips 
than the less plastic. 

Use of eutectics as glazes. Hopart M. KrANeER. Jour. Amer. Ceram. Soc., 9 |5], 
320-25 (1926).—The properties of the high silica eutectics of some of the common ternary 
systems are given consideration in suggesting them for use as glazes on ceramic bodies. 

Developing a china clay deposit in Ontario. H.SypNrey HANcocK, JR., Eng. Min. 
Jour.- Press, 121 [11], 441-42 (1926).—A deposit of china clay of unusual purity is being 
developed on the east bank of the Mattagami River about 60 miles north of Moonbeam 
Station. The property comprises an area of about 400 acres. The overburden averages 
about 4 ft. and although it has been tested to a depth of 360 ft, there is no sign of reach- 
ing the bottom of the uniform deposit of china clay and silica sand. The deposit, over- 
lain by a covering of dense plastic fire clay, consists entirely of a high grade kaolin inter- 
mingled with a quartz sand which is practically pure silica. It is estimated that the 
deposit contains 30% of china clay, the remainder being pure silica sand that is of at 
least equal value per T. The china clay on this property is free from impurities and 
compares favorably with the best samples from existing sources of supply. The silica 
sand has a silica content of 99.1%, alumina .324% and iron .176%. Covering it all isa 
fire clay which is described as ‘“‘the most refrac. fire clay yet found in Canada.” 

A. 
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Canadian china clay discovery. W. DousG Las. Chem. Age, 14 [353], (Suppl.), 8-9 
(1926).—The economic conditions for the development of a large deposit of china clay 
in North. Ontario are considered favorable. The deposit is said to cover 400 acres and 
to consist of relatively pure china clay and a good grade of silica sand, overlain with a 
blanket of No. 1 fire clay. The overburden is not over 5 feet deep, and the china clay 
is pure so that no loss is occasioned by washing, as in the case of English china clay 
deposits. E. E. P. 

When Mid-Cornwall clays are exhausted. ANON. Chem. Age, 14 [353], (Supple- 
ment) 8(1926).—Calcn. on production of china clay shows that approx. 3 cu. yds. of 
ground must be evacuated for every ton of dried china clay produced; the propn. of 
dried clay to crude mat. handled being about 1 to 5. On this basis, 11 acres evacuated 
to a depth of 50 yds. represents one year’s production of 885,500 T. The need of new 
sources of china clay is emphasized, as the limiting depth for economical production of 
present deposits is being approached. 

Thermal expansions of whiteware materials and bodies over a wide temperature 
range. W.L.SHEARER AND W. R. Wycxkorr. Ceramist, 7 [6], 349-85 (1926).—I. The 
authors preface the description of their app. and expts. with a general discussion on the 
following topics: (1) Expansion of a crystalline mat. The coeff. of thermal expansion of 
a single crystal is different in different crystallographic directions. In a body the small 
crystals are arranged in a chaotic condition sothat an av. expansion can be measured. The 
peculiarities in the expansion of quartz due to inversions are described in detail. (2) 
Thermal endurance of glasses and refractories. The formulas of Winkleman and Schott 
and Norton are given and discussed. The expts. of Steger would seem to show that the 
coeff. of expansion is a more important factor in spalling than Norton’s results would 
indicate. (3) Preventing glaze defects. To havea proper fitting glaze that will remain 
intact and bright after long continued use, the compn. must be chosen so as to produce a 
stable resistant glass that has expansion charac. that allow it to contract with the body, 
over the entire temp. range from the point where the glass becomes hard or sets. S. and 
W. use Merritt’s data to illustrate the relation between thermal expansion and crazing 
and shivering. A glass is 3 to 6 times as strong under a compressive stress as when it is 
subjected to tensile stress. It is therefore desirable to have a difference of about 0.03% 
in the expansions of the body and glaze in such a direction as to produce this compressive 
stress. II. S. and W. describe their app. and expts. as follows: (1) The apparatus. 
The Fizeau-Pulfrich interferometer method was used. The actual setup, which is 
similar to that at the Bur. Stand., is described in detail and the principle on which it 
works explained. Samples 0.0001 in. high are used; any elongation of the sample can 
be measured with great precision, very accurately controlled; uniform htg. is possible 
and the meas. can be made rapidly. Some experience is required in distinguishing and 
counting the interference rings, and readings near inversion points are difficult to obtain 
due to the rapid changes in length. (2) Ordinary whiteware body materials and porcelain. 
Charts and tables giving the expansions of typical feldspars, china clays, ball clays, and 
flint and of a body made from them are given. The relatively enormous expansion of 
flint is evident. Feldspar glass has a higher expansion than porcelain. Dissolved flint 
tends to decrease the expansion of the feldspar glass. The expansion of clays that are 
very near pure kaolinite are uniform. A siliceous clay shows a rapid expansion between 
100 and 200°C but a body in which it is used does not show this effect, due to the rapid 
soln. of the extremely fine flint. The expansion of porcelain is essentially the expansion 
of the glassy feldspar bond. The presence of free quartz in the body is shown by a 
“kick” in the curve at 575°C and accounts for ‘‘fire dunting.”” Curves for 3 different 
types of whiteware body are reproduced from a previous paper and discussed. (3) Re- 
fractory constituents of special bodies. The expansion curves for cristobalite, flint, 
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alundum grain, “‘sillimanite,” and zircon grain are given, and their use as body constit- 
uents is discussed. Alundum can be used to produce an extremely strong body, 
“sillimanite’”’ and zircon can be used to excellent advantage in the manuf. of high-fired 
spark plugs and other hard resistant porcelains. The meas. given check in a general 
way the results obtained by Norton. (4) Bodies resistant to thermal shock. The expan- 
sion curves of a body contg. a large amt. of zircon and one contg. a large amt. of talc are 
compared with those of some typical whiteware bodies and some Bur. Stand. porcelain 
glass pot bodies. The results aresummed upinatable. (5) Feldspar glasses. Curves 
are shown for glasses made from (a) a typical potash feldspar, (b) a typical soda feldspar, 
and (c) Cornwall stone. Their chem. compns. are given. It is shown how these curves 
can be used in detg. the properties of the feldspars. (6) China and ball clays. Curves 
are shown giving the expansions of 2 types of ball clay and a china clay given two dif- 
ferent firings. The effect of impurities in the clays is shown and their effect on the 
properties of bodies made from the clays is discussed. (7) Conclusions. A statement 
is made of some of the applications of thermal expansion meas. in connection with the 
manuf. and use of whiteware bodies. A large quartz ‘“‘kick’’ in the expansion curve of a 
body would indicate a tendency to dunt. A glaze could not be expected to remain 
intact after long service when its expansion curve was very different from that of the 
body. By knowing the fund. properties of the available mats. the research worker is 
able to compd. a body having desirable properties. Thermal expansion data gives an 
insight into the fact that flint imparts strength to a body when properly used. The use 
of fused alumina to produce a body of great strength is suggested. Thermal expansion 
data is invaluable in producing bodies resistant to thermal shock. A long discussion 
follows. A. E. R. W. 


The physical properties of stoneware. FrLix SINGER. Z. angew. Chem., 35, 
290-92 (1926).—Physical properties of 30 diff. samples of stoneware are tabulated. 
(C. A.) 


Stoneware and chemical industry. A. Binz. Z. angew. Chem., 36, 285-92 (1923). 
(C. A.) 


Equipment and Apparatus 


A practical gas-fired test furnace for plant use. H.G. Fisk. Jour. Amer. Ceram. 
Soc., 9 ([3], 151-53 (1926).—A gas-fired test fur. of quite general application is described. 


The mercury balance—an apparatus for measuring the bulk volume of brick. A. E. 
R. WESTMAN. Jour. Amer. Ceram. Soc., 9 [5], 311-18 (1926).—A new app. for measur- 
ing the bulk vol. of bricks, called the mercury balance, has been described and its method 
of opern. given in detail. Its great accuracy and other advantages would recommend its 
use when a large number of very accurate meas. of bulk vol. are required. 


Thermocouple for measuring surface temperatures. J. G. KING AND A. BLACKIE. 
Fuels and Fur., 4 (5), 593 (1926).—It was found that to obtain good thermal contact be- 
tween a thermocouple and a given surface, it is not sufficient to press the junction on the 
body, or to let the wire ends rest against the body. To overcome this a copper disk of 
small heat capacity, but high thermal condy. was used as the heat collecting area. A de- 
tailed description of the construction of this thermocouple is given. By means of this 
specially constructed couple very accurate surface readings were obtained. R. M. K. 


A new burner for industrial furnaces. E. ROosENKOTTER. Fuels and Fur., 4 {5}, 
609 (1926).—A cross current gas burner in which combustion conditions have been im- 
proved by giving the gas and air a rotary motion in separate channels within the burner, 
has recently been developed in Germany. To produce a rapid and efficient mixt. of gas 
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and air, the gas and air flow current is split up into a number of currents. This burner is 
described in detail. R. M. K. 
Thermoelectric pyrometry. A.E.R. Westman. Can. Chem. Met., 10 [4], 77 (1926). 
—Discusses the subject under the following headings: introduction, types of thermo- 
couple pyrometers, the selection of pyrometeric equipment, the installation of pyrometric 
equipment, calibration and care of pyrometric equipment. 
Hacking brick by electricity. W.L.Wricut. Brick and Clay Rec., 68 [8], 624-31 
(1926).—This article is a description of an electrically operd., automatic hacking mach., 
designed and built by Luce, Ferry and Huestis, engineers, of Brazil, Ind. R. E. G. 
The adjustment of ropes on bicylindro-conical drums. J. PARKER. Trans. Inst. 


Mining Engineers, 71 47-54(1926). H. S. 
Natural and artificial methods of grinding. B. KLEeiNscumipt. Eng. Progress, 7, 
78-80 (1926). H. H. S. 


Kilns, Furnaces, Fuels, and Combustion 


Development in the use of gas in industrial furnaces and auxiliary equipment. 
W. W. Kemp. Fuels and Fur., 4 [5], 600 (1926).—Improved burners and mixing machs., 
under perfect control and carefully regulated can supply a mixt. of gas and air that will 
produce practically perfect combustion, without the addition of more air at the burner, 
so that the mixt. will burn as well in steam or immersed in water as in the open air. It 
is possible to use gas for htg. jackets thus replacing steam in many cases. Many dif- 
ferent applications of gas firing are described. R. M. K. 

The design of arches for kilns and furnaces. F.H. Norton. Jour. Amer. Ceram. 
Soc., 9 [3], 144-50(1926).—The design of arches is considered from the view point of 
minimizing the static and temp. stresses. The catenary shape of arch is most satis- 
factory, as it allows the use of a high arch with good stability. Some actual designs are 
worked out to illustrate the method of calcg. a catenary arch. 

The heat required to fire ceramic bodies. A. EARNEST MacGEE. Jour. Amer. 
Ceram. Soc., 9 [4], 206-41(1926).—A differential thermal method for detg. interval 
specific heats of ceram. mat. is described. The sp. ht. of the unknown is detd. by com- 
paring its temp. to that of quartz after each sample has been subjected to a definite heat 
treatment. This method shows the number of calories required to ht. one gram of the 
mat. in question from 0 to ¢°C, accounting for all thermal processes which the mat. may 
undergo during the htg. process. It shows the temp. at which the various thermal 
processes begin and end as well as the quantitative figures for the more pronounced of 
these thermal processes. The kaolin, ball, flint, and diaspore clays undergo an endo- 
thermic reaction at about 575°C which amounts to ‘60 to 130” calories per gram of the 
air dried mat. They undergo an exothermic reaction at about 960°C which amt. to 
about 25 calories per gram of the air dried mat. About 510 calories are required to 
heat one gram of any firebrick body from 25 to 1200°C, the sp. ht. over this interval 
being about .43. About 500 calories are required to ht. one gram of any kaolin or ball 
clay from 0—-1000°C, the sp. ht. over this interval being about .5. About 290 calories are 
required to ht. one gram of flint or feldspar from 0-1050°C, the sp. ht. over this interval 
being about .28. Instead of the kiln efficiencies being about 22°) as was previously 
believed, this work proved them to be about 35%. 

A laboratory muffle kiln. L. M. Merritt. Jour. Amer. Ceram. Soc., 9 (5), 324 
25 (1926).—The general construction of a gas-fired muffle kiln is discussed and its chief 
advantage is given in that it has a single piece, easily replaceable muffle with high heat 
condy. 
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Development of a unit coal pulverizer. ANoN. Mech. Eng., 48 |5|, 462 (1926).— 
This is a discussion of a paper on unit pulverizers by Ollison Craig in Mech. Eng., 
Nov. 1925, p. 1047. Apparently there is a demand for unit pulverizers which will handle 
wet coal, which do not require magnetic separators, are easy to repair and will grind to 
the necessary fineness. The Atritor seems to be a pulverizer which operates success- 
fully at low power cost. 

Selecting the best coal. H.C. KENYON. Brick and Clay Rec., 68 [8], 614—17 (1926). 

K. claims that the most satisfactory coal for firing brick is a fine coal which is clean 
and low in ash, and burns with a short flame. With this type of coal it is found possible 
to obtain a cleaner and brighter ware and a considerable saving in fuel. Rg. =.G. 

Our $30,000,000 coal bill. ANon. Brick and Clay Rec., 68 |8], 612-13 (1926).— 
Because of the large amt. of coal used by the ceram. indus., care should be taken to select 
the coal which effects the most economies, especially in the firing process. In general a 
coal which is high in volatile matter and producing a long flame is desired. It should 
also be of a high calorific value, low in sulphur and be non-clinkering. Gas producers 
require a good class of fuel. Coal-fired, continuous kilns may sometimes use fines 
which are unsalable elsewhere. BR. E.G. 

Pressure regulators for gas producers. BJARNE SCHIELDROP. Amer. Gass Rev., 
45 [28], 19(1926).—Automatic press. regulation is the only satisfactory soln. of troubles 
arising from fluctuating press. The current machs. on the market are comparatively 
expensive. A home-made contrivance is described and illustrated. 

Laboratory furnace for high temperatures. J. MITCHELL AND W. B. MITCHELL. 
Trans. Ceram. Soc. (Eng.), 25 [1], 6-38(1926).—The problem was to produce a high 
temp. form of the kromore and nichrome wound furs. which are in general use in most 
labs. today. This paper is a description of the evolution and opern. of such a fur. 

R. F. S. 

The combustion and chemical utilization of coal. D.AUFHAUSER. Fuels and Fur., 
4 [5], 563-65 (1926).—The combustion process is essentially a gas forming process. 
There is no liquid or solid fuel combustible as such but must be converted to a gas before 
it is burned. The idea of heat resistance of a fuel is brought out. Oil is considered to 
be heat resistant since it must be vaporized before it is burned and coals as such can- 
not be converted into vapor without first being decomposed. As coals are not resistant 
to heat they are decomposed on htg., the volatile ingredients are evolved and coke re- 
mains behind. There are 2 processes chemically opposite in their action going on 
during the firing of coal. Too much attention is paid to the flame. In the firing of 
coal the flame represents about 35% of the coal while the coke is 65%. The surface 
area is very important in coal firing. Since all processes start from the surface, the sur- 
face action is greater the larger the area of the surface. Brown coals are particularly 
suited for powdered coal firing because of their larger surface. mR. Be. &. 

The constitution of coal. R.V, WHEELER. Chemistry and Ind., 45, 284 (1926). 
The constitution of coal is not as complicated as has been believed. There is now greater 
hope of being able to explain the nature of coal, owing to recognition of ulmic compds., 
which are characterized by their soly. in alk. solns., to which they impart a deep brown 
color. By mild oxidation of bituminous coal, the ulmins, or products of bacterial 
alteration of the celluloses, are regeneratéd, showing that the whole of that coal is 


composed of ulmic mat. 
BOOK 


Fuels and their combustion. R. T. HASLAM AND R. P. RussELL. McGraw-Hill, 
New York, 1926. Price $7.50, postpaid. H.H.S. 
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PATENT 

Device for firing cement, magnesite, lime, etc. H.STEHMANN. U. S. 1,581,522, 
April 20, 1926. In the art of firing cement, magnesite, 
lime, etc., in a rotary kiln connected substantially air 
tight at its discharge end to a cooling chamber into which 
the hot product of the kiln is discharged; the method 
which comprises forcing air for supporting combustion 
through the chamber and the hot product therein; main- 
taining the relative quantities of air passing through 
the chamber and of said hot product in said chamber, 
adequate to heat the air to the ignition temp. of the fuel used for heating the kiln as the 
air leaves said chamber. 


Geology 


Silica sand in Alabama. ANON. Amer. Glass Rev., 45 [31], 24(1926).—A large 
deposit of silica sand formed along the Coosa river near Ohatchie, Ala., is suitable for 
making glass or carborundum. 

Potash. G. R. MANSFIELD AND LEONA BOARDMAN. Chem. News, 132, 231(1926). 

Low price levels of potash prevailed in 1924, with the American indus. making sub- 
stantial gains. Attention is given to the development of Texas and Utah deposits. 
Domestic production of crude potash in 1918 was 4} times greater than in 1924, but the 
available potash, (K:O), content was only 2} times greater. The German-Alsatian 
potash monopoly was re-established by treaty in August, 1924, E. E. P. 

Comparative losses in crushing and sifting rock materials. A. JOHANNSEN AND 
C. A. Merritt. Jour. Geol., 34, 275-80 (1926).—Various rock minerals were crushed 
and sifted in order to det. the relative losses through different sieves. It was found 
that losses are unequal in different minerals, the variation in the amt. of fine being 32% 
between biotite and hornblende. It follows that in heavy-soln. sepns., discarding the 
fines introduces errors in proportion. 5S. 

Mechanical analysis of soils. ANON. Rept. of the Agricultural Ed. Assn. Analyst, 
51, 211(1926).—Present methods are compared, and are not entirely accepted. It is 
recommended that complete dispersion of the soil: is obtd. by oxidation with H.O2, 
followed by treatment with HCI and dispersion in ammoniacal water. This gives 
higher figures for clay, and less erratic results. For separation of the fractions, Robin- 
son’s pipette method is more controllable than beaker sedimentation. The omission of 
the “fine gravel”’ group is recommended, but the use of 100-mesh sieve for sepn. of 
coarse and fine sand is retained. H. H. 3S. 

The origin of the color of red beds. G.E.Dorsry. Jour. Geol., 34, 131-43 (1926). 

Red color is not due to large iron content, nor to ferric oxide. It is ferric hydrate de- 
hydrating to ferric oxide which makes rocks red, 7.e., the presence of turgite and haema- 
tite. H. H. S. 

The rate of wear of sand grains. G.E. ANDERSON. Jour. Geol., 34, 144-58 (1926). 

Contrary to general belief, sand in water wears down more rapidly than dry sand 
transported over the same distance, the rate being twice to 4 times as great. H.H.S. 

Molecular migration and mineral transformation. A. WANDKE. Econ. Geol., 21, 
166-71 (1926).—The mols., and perhaps also the atoms, which go to make up a mineral 
readily undergo movement under the influence of heat. Three effects were produced by 
htg.: (1) mixing, e.g. obliteration of bornite-chalcocite lattice; (2) segregation, e.g. 
separation of magnetite and ilmenite; (3) mineral transformation, e.g. pyrite changing 
to chalcopyrite. H. 3. 
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A revised field classification of igneous rocks. A. JOHANNSEN. Jour. Geol., 34, 


181-82 (1926).—A revision of work published in 1911. H..H.S. 
The value of state geological surveys. L. L. FermMor. Econ. Geol., 21, 180-85 
(1926).). S. 


Chlorite as a polycompoment system. A. N. WINCHELL. Amer. Jour. Sci., 11, 
283-300 (1926).—Tschermak’s view that the chief kinds of chlorite belong to an isomor- 
phous series having serpentine (H4 Mg;Si2O,) and amesite (H4Mg2Si2O,) as end members 
is not quite accepted. Calling serpentine ‘‘antigorite,’’ W. includes as end members: 
antigorite, amesite, ferro-antigorite (H4FesSizO,), daphnite (H4Fe2Al,SiOg,), cronstedtite 
(H4Fe2’’Fe2’’’SiO,), magnesiocronstedtite and kammerite (H4Mg-- 
Cr:SiQ,). The optic properties of the system vary with, and depend on, these com- 
ponents Ant, At, FeAnt, Dn, Cr, MgCr, and Kr. me. 2. 3. 

Juravlinsky deposits of white clays, alunite and bauxite. S.G.TuMANoyv. Trans. 
Inst. Exp, Silicates (Russian) No. 8, 1-24(1923).—A report of the geology of the de- 
posits, their genesis, and possible utilization. iC, £2 


Chemistry and Physics 


Beryllium: its sources, production, and properties. L.P.SipNEY. Chem. Age, 14 
[355], (Suppl.), 25-27 (1926).—Beryllium is a metal of light weight and high tensile 
strength. It occurs chiefly associated with aluminium or silicon, and is contained in 
various minerals, the most important being the beryls. Commercial methods of produc- 
tion have not been developed, but invests. are being conducted in America, France, and 
Germany. Lab. processes of extraction depend on reduction by htg. with potassium or 
sodium or by electrolysis. The properties of beryllium indicate that it might form a 
useful alloy with magnesium, but such an alloy is not easily formed because magnesium 
boils at a lower temp. than beryllium melts. Alloys with aluminum, lithium, or copper 
are said to have peculiar special properties. Beryllia, (BeO), is used as a refrac. and 
as an abrasive. ee 

Recognition of tetraborate in presence of borate. Louis Rossi. Quim. e Ind., 3, 
4(1926).—A review of the lit. given. By using the vanadium cation as a catalyst it was 
possible to give a yellow color to the tetraborate and thus distinguish from borates. 
This reaction was carried on in presence of H2SO,4 and KIO; solns. =. S &. 

Borates of lithium, cadmium, lead and manganese. C. MAzzetti AND F, DECARLI. 
Gazz. Chem., 56, 19-29 (1926).—A review of lit. of previous work upon boric oxide and 
compds. it will form is given. Description of app. and method employed for detg. the 
compds. formed. Curves and tables of results given. M.and D. found that PbOB.Os, 
PbO2B,0;, PbO3B.0;, 2PbO5B.0;3, Li,OB2O;, LisO2B,0;, LixO3B203, LisO4B20s, 
LizO05B203, CdOB.03, CdO2B.0;, MnO.B.03, MnO.2B.03, MnO.3B.Os. are formed as 
definite compds. <. 

System of Al,O; BaOH,O at 20°C. G. Matquori. Gazz. Chem., 56, 45 (1926).— 
By htg. Al,O; and BaCO; at 20°C in water products were formed which had the molecular 
ratios 1-1-4, 1-1-5, 1-1-6, 2-1-5 of BaO, Al,O; and H;O respectively. Curve of 
system shown and a table of results. Several of the compds. formed were unstable. 

4. 

Researches on the theory of fine grinding—II. Grorrrey MARTIN, EDGAR BOWES 
AND J. W. CuristELow. Trans. Ceram. Soc. (Eng.), 25 [1], 51-62 (1926).—A method of 
accurately determining experimentally the surface of crushed sand particles. The principle 
adopted for the estimation of the surface is this: Sand consists of crushed quartz. The 
sand is subjected to the action of a fluid which dissolves it. The rate of soln. is propor- 
tional to the surface exposed under conditions set forth below. The same fluid is then 
allowed to act upon a quartz cube of known and exactly measurable surface 
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and the corresponding rate of soln. detd. By comparing the rate of soln. in the two cases 
the surface of the powder can be estimated with great accuracy. The method, although 
simple in principle, is encompassed with considerable exptl. difficulties in carrying it out 
with accuracy in practice; in fact, nearly 2 years of exptl. work were consumed before 
these were finally overcome. Ibid. III., pp. 63—78.—Connection between the surface area 
produced and the work done in tube-mill grinding of quartz sand. ‘The following definite 
conclusions are drawn: (1) In ordinary tube mill grinding the surface produced is 
directly proportional to the work done. Double the work and the surface produced is 
doubled. Treble the work and the surface produced is trebled. (2) To increase the 
surface of sand by 1 sq. ft., 60.9 ft.-lb. of work are required when 1 in. steel balls are 
used for grinding in the 18 x 18 inch mill. (3) With very prolonged grinding (over one 
hour, or more than 3,000 revolutions) more work than this is required; the very fine 
particles evidently ‘‘cushion’’ the blow to some extent. (4) In ordinary tube mill 
grinding, since the effect of dust in cushioning the blow is negligible, no noticeable power 
saving can be effected by removing the dust during the grinding by means of an air 
stream. (5) When grinding very finely indeed, the effect of the dust in ‘‘cushioning”’ 
the blow becomes pronounced, and hence efficiency will be enhanced by removing it in 
an air stream. Asa result of these expts., it is a very simple matter to calculate the 
work required in grinding sand to any requisite degree of fineness with any given grind- 
ing media: W=B(S2—S,) ft. lb. (1), where W=the work required in ft.-lb.; S2= final 
surface of powder in sq. ft.; S;=original surface of powder in sq. ft.; B=a constant 
peculiar to the grinding medium employed and the mat. ground. B is the work re- 
quired to increase the surface by one sq. ft. Using 1 in. steel balls in the 18 in. mill for 
quartz sand, B is found to be 60.9 ft.-Ib. For ? in. steel balls the value of B is about 45 
ft.-lb. For 1} in. steel balls, porcelain balls, flints, etc., the value of B is much greater 
thanthis. In general, the smaller the value of B the more efficient the grinding medium. 
B also must depend upon the nature of the mat. to be ground, some mat. being much 
more easily reduced to powder than others. R. F.S. 
The thermochemistry of fluorine. H. VON WARTENBERG AND O. FITZNER. Z. 
anorg. u. allgem. Chem., 151, 313-30(1926).—Thermochemical equations of the reac- 


tions of F with H and with the most important metals and metalloids. H. Hi: S. 
The system As-Sb in nature. G. Kats. Metall u. Erz, 23, 113-15(1926).- 
H. H.S. 


The technical and industrial importance of colloid chemistry. H. A. Kirscu. 
Eng. Progress, 7, 67-68 (1926).—Instances colloidal gold in ruby glass, the coloring of 
precious stones, the tungsten colloid in metal filaments, absorption in dyeing and tan- 
ning and the aging of clay for porcelain. MH. H..3. 

Fine-porous filters and new ultra-filters. R.ZsiGmMoNnpy. Zeit. f. angew. Chem., 
39, 398-401 (1926) —Description and bibliography of recent app. for invest. of colloids. 


H. H. S. 

The precipitation laws. P. P. Von WEIMARN. Chem. Reviews, 2, 217-42(1925). 
H. 

Influence of pH on hydrolysis of casein. D.C. CARPENTER. Jour. Biol. Chem., 67, 
647-58 (1926). H. H. 


Structure of kaolin. Theory of the structure of silicates. M. DomINiKIEWICZ. 
Roceniki Chem., 5, 252-90(1925).—The space configuration of quartz is, on the basis 
of its crystal form, of its property of rotating the plane of polarized light, and of the 
tendency of oxy-Si compds., e. g., silicoformaldehyde, to form rings contg. 6 Si atoms, 
assumed to consist of spirally disposed rings each contg. alternately 6 Si and 6 O atoms. 
On this assumption, the structural formulas of various silicic acid derivs. are deduced. 
The difference between ortho- and meta-silicates depends only on different quant. rela- 
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tionships between the metal and silicic acid, with the probability that for salts of bi- 
valent metals 2 silicic acid nuclei are joined by the metal. For the aluminosciliates only 
this type of formula can be considered, and the structure of semi-hydrated kaolin, 
H 24Alo«Si240s, contg. 4 silicic acid nuclei joined by —O-Al-O- groups is given. From 
this follows directly, by hydration, the structure of kaolin. This hydration is an ionic 
reaction, taking place at the 8 -Si-O-Al- groups of the 2 inner satd. rings, and at the 
4 free:Si:O groups in the 2 outer unsatd. rings. At these 8 inner hydration points 
various other addn. processes may occur, giving rise to other minerals connected ge- 
netically with kaolin, such as margarite, prismatine, nephelite, etc. tc. .#&.) 
The plasticity of clays and kaolins. PFEFFERKORN. Sprechsaal, 58, 183(1925); 
J. Soc. Glass Tech. (Abstracts) 9, 151; cf. Sprechsaal, 57, 297 (1924); C. A. 18, 3692.— 
In expts. on a series of 5 German clays, P. had found that oxidation of the org. matter 
at 60-70° by treating finely ground clay with HO: did not alter the plasticity. No 
reduction of plasticity followed the extn. of org. matter by using org. solvents to remove 
org. matter from the clays. Ether extd. 0.2%, acetone-alc. (1:1) 0.2%, CS: 0.4%, 
pyridine 2.4%. Further, when the ext. was added to a kaolin there was no appre- 
ciable increase in its plasticity. P. tested Keppeler’s method of extg. the clay sub- 
stance by means of dil. HCl. The clay which then passed a 200-sieve after being 
washed free from acid showed a much greater plasticity. When this more plastic 
material was wetted up, and poured on to a plaster slab, it set like ordinary clay, but 
pressure such as squeezing in the hand caused liquid to run away. This was perhaps 
due to a loosely combined mol. of H2O and SiO, which formed during the action of the 
HCl. It was not possible to obtain the small particles of free SiO. by any method of 
pulverizing. CO: was also useless, and had no effect on Pilsen kaolin even at a temp. of 
60—70°, and a pressure of 20 atms., over a period of 14 months. tc. a> 


The accurate determination of ferrous iron in insoluble silicates. O. HAckL. 
Z. anal. Chem., 67, 197-204 (1925); cf. C. A. 19, 3073.—Owing to the difficulty in detg. 
ferrous Fe in silicates, it was thought possible that the oxidation of the bivalent Fe 
by the atm. and the resulting error might be obviated if the treatment with HF was 
made to take place in the presence of some oxidizing agent such as K2Cr.0; and then the 
excess of dichromate detd. by titration. Circumstances have prevented the com- 
pletion of the expts. but certain facts have been ascertained which will be of interest to 
any one else attacking the problem. It was found that ferric Fe is pptd. quant. by NH, 
OH even in the presence of excess fluoride; pptn. of Fe (OH); in the presence of chromate 
causes some chromate to be pptd.; pptn. of Fe(OH); by adding K2CO; does not cause 
appreciable co-pptn. of Cr even when considerable HF is in the soln. (C. A.) 


New method of silicate analysis. ROBERT SCHWARz AND ADOLF SCHINZINGER. 
Z. anorg. allgem. Chem., 151, 214—20(1926).—It is proposed to substitute LisCO; for 
Na2CO; or NaKCO; in the anal. and after such a fusion, even the alkalis can be detd. 
in a single sample. The anal. proceeds in the conventional way up to the detn. of Mg. 
Owing to the slight soly. of LisPO, it is not advisable to attempt pptn. of Mg—-NH4PO, 
in the presence of Li. Pptn. of MgNH,4AsO, and subsequent iodometric detn. of the 
As proved satisfactory. For the detn. of alkali it is necessary to remove the Li which 
is best accomplished by adding (NH4)2HPO, and then, since LiPO, is appreciably sol. in 
NH, salts., evap. down to dryness and gently ignite. After this treatment the LiPO, 
is insol. in ale. After filtering it off, the phosphate can be removed by adding FeCl; 
and carrying out the basic acetate sepn. The alkalis can then be detd. as usual. The 
results obtained in the anal. of an Al silicate showed good agreement for SiOz, AlsOs, 
MgO, Na2O and K,0 with analyses carried out after Na2CO; fusion and by the J. L. 
Smith method. 43 
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The determination of the melting point of graphitic carbon. EUGEN RISHKEVICH 
AND FRIEDRICH MERCK. Z, Elektrochem., 32, 42-47 (1926); cf. C. A., 19, 1513, 2594.— 
The method used consisted in the measurement of the temp. of the interior of a hollow 
graphite rod. The graphite was Acheson graphite of 99.9% C, and was elec. heated, 
in an atm. of N-free argon. The av. value obtained for the m. p. was 38.45°+45°, 


the av. deviation from the mean being about 20°. a Bo 
The plasticity of clay. ALEX von BARANorr. Z. tech. Physik, 7, 76-84(1926).— 
A mathematical paper. (C. A.) 


Influence of alkalis, acids, and salts upon the plasticity of kaolin. M. Jacosy. 
Keram. Rundschau, 32, 634(1924); J. Soc. Glass Tech., (Abstracts), 9, 150.—Plasticity 
numbers of washed Zettlitzer kaolin, Kodauer kaolin treated osmotically, washed 
Kemlitz and washed Schnaittenbach kaolin, according to Rosenow’s formula and app., 
were detd., with the formula: plasticity no. = (water content tensile strength) 
/(load necessary to cause tearing X time load applied) and the tearing tests carried out 
on cylinders of kaolin 30 mm. in diam. and 25 mm. long. The effect of the addn. of 
small quantities of .various chemicals was measured. Alkalis (in the case measured, 
NaOH) acted on plastid kaolin in a manner similar to their action on kaolin slips, but in 
a somewhat diminished measure. Tannin and humic acid raised the plasticity, while 
raising the colloidal content of the mass. When a certain max. colloidal content was 
exceeded the effect was the reverse. HCl, ACOH and NaCl lowered the plasticity and 
the shrinkage on drying and the strength when dry. Analogous results were obtained 
for measurements on plasticity, drying shrinkage, and dry strength, and it was thought 
that the latter 2 might give a measure of the former. It was also claimed that OH ions 
and colloids raised the plasticity to a certain limit, and H ions continuously lowered it. 
The plasticity numbers for the NaO expt. were: 


NaOH added Washed Osmosed Washed Washed 
% Zettlitzer Kodauer Kemmlitz Schnaittenbach 
0 ‘141 111 102 55 
0.1 169 119 117 58 
0.2 188 142 145 62 
0.3 54 101 78 85 
0.4 72 124 64 102 
0.5 52 147 61 124 
0.6 86 203 145 54 
0.7 194 211 173 70 
0.8 135 103 149 106 
0.9 112 110 134 98 
1.0 82 120 166 79 


Alleged sillimanite in ceramic products. W. Eite.. Keram. Rundschau, 33, 
470 (1924); J. Soc. Glass Tech. (Abstracts,) 9, 151.—E. discussed the methods and results 
obtained by Shepherd, Rankin and Wright and by Bowen and Greig in their 
studies of the system Al,0;-SiO2, In 1914 E. had produced an artificial “silli- 
manite”’ by the thermite process from SiO2, Fe oxide and Al which had a compn. agree- 
ing more nearly with that of mullite. About 1% of Fe,.O;+TiO: in solid soln. gave 
the crystals a higher m. Miullite produced in ceramic products was generally almost 
Fe-free and so could be identified by its low nm. R.G. Wyckoff had shown that natural 
sillimanite and the compd. 3A1,03.2SiO»2 gave the same diagram when examd. by X-rays, 
so nullifying the claim advanced by Shearer who obtained identical diagrams from 
sillimanite and porcelain. Sillimanite mixings and natural sillimanite were improved 
by an excess of Al,O; or natural corundum. Certain insulators made of pure mixts. of 
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Al,O; and SiO, must have been fired at temps. exceeding 1810°, since they contained 
both corundum and mullite, but a small quantity of foreign oxides considerably reduced 
the temp. of formation of corundum. 
Studies on the coagulation of clay. RENE GALLAY. Kolloidchem. Bethefte, 21, 
431-89 (1926).—The coagulation of clay has been studied experimentally in an effort 
to correlate previous data on coagulation phenomena and to subject opposing theories 
to a critical test. The invest. involves the effect on coagulation of the following vari- 
ables: degree of dispersion, base interchange, nature of clay, and nature of the coagu- 
lating electrolyte. It is found that in a polydisperse system, as exemplified by a clay 
suspension, the coarser particles tend to facilitate coagulation of the finer ones. The 
min. concn. of electrolyte necessary for flocculation increases with decreasing particle 
size. A coarse suspension is more affected by an increase in electrolyte concn. than a 
fine suspension, a phenomenon which accounts for the step-wise change in viscosity 
during the coagulation process. The coarser particles may have settled completely 
even before the finer ones have commenced to agglomerate. By mutual interference 
particles of different size fall at the same rate, and hence the individual layers which 
may be formed during the coagulation do not consist of uniformly sized particles. When 
the clay carries univalent bases, salts of bivalent metals lose part of their efficiency 
as coagulating agents on account of base interchange, which also accounts for the in- 
crease in the pptg. action of K and Na salts for clays carrying bases of bivalent metals. 
Clay treated with CaCl: is more sensitive to a univalent salt than clay treated with 
NHg, K or Na salts. The coagulating action of uni- and bivalent cations increases in 
the series Li, Na, NH4, K, Rb, Cs and Mg, Ca, Ba. The viscosity of the coagulum, 
and consequently the degree of hydration of the flocculated particles, decreases with 
decreasing degree of hydration of the adsorbed particles and with increasing degree of 
hydration of the ions in the external liquid. Na-treated clay gives a more viscous floc- 
culation than clays subjected to pre-treatment with K or NH, salts. It is concluded 
that the hydration theory does account for the effect of certain salts (as introduced, 
for instance, by fertilizers) on the phys. structure of the soil. (C. A.) 
Production methods, especially froth flotation processes and electroosmotic purifica- 
tion of clay and kaolin. KuNo WoLr. Metall u. Erz, 22, 474—80(1925).—A discussion 
of purification processes based upon differences in sp. gr., magnetic properties in the 
dry and liquid states, and oil flotation. C.. A.) 
Chemical transformations of kaolinite at high temperatures. P. A. ZHEMYAT- 
CHENSKI. Ann. Inst. Anal. Phys.-Chim. Leningrad, 2, 499-500 (1924).—On the basis 
of the behavior of kaolin towards 5°% Na2COs; soln., which indicates absence of free 
silicic acid, Z. concludes that the kaolin mol. remains undecomposed at the temp. of 
complete dehydration, namely, 600—700°. (C. A.) 
Behavior of kaolin at a high temperature. V.I. Iskiut. Ann. Inst. Anal. Phys. 
Chim. Leningrad, 2, 498-99 (1924).—A sample of kaolin contg. 44.16% SiO2, 38.24% 
Al,Os3, 13.350 H2O, and small proportions of various other oxides, lost its H2O at 
a dull red heat and was then readily decomposed by 2% HCI soln., but the anhyd. 
Al,0;.2SiO2 did not decompose. At 1000—-1100°, this residue was decomposed into 
a substance of the compn. of sillimanite, Al,O3.SiO2, and SiOs, which could be dissolved 
by 10% KOH soln. A second sample of kaolin, contg. 48.44% SiO2 and 34.68% AlsOs, 
and thus more SiO, than corresponds with the formula, Al2O;.2Si02.2H,O, exhibited 
no free SiO: in the form of granules of quartz; after dehydration this sample behaved 
towards reagents similarly to the previous one, but when heated to a higher temp. 
and then treated with 10% KOH soln., it left a residue having approx. the compn. 
of the aluminosilicate, 2Al,03;.SiO». The basis of this kaolin is, therefore, probably 
not kaolinite, but either another aluminosilicate or a mixt. of aluminosilicates. (C. A.) 
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Experimental investigation of the mixing of potassium and sodium feldspars. 
E, DITTLER AND A. KOHLER. Anz. Akad. Wiss. Wien, 61, 101-02 (1924).—D. and K. 
subjected 0.02 mm. sections of perthite, microperthite, granulite, cryptoperthite and 
antiperthite on Pt to a temp. of 1000+25° for 500 hrs. or more in an elec. resistance 
furnace. Before heating the orthoclase and albite lamellas of a section of microperthite 
showed extinction angles of 4.5° and 19°. After heating, the extinction became almost 
uniform, 6° and 8°. The original microperthite has the properties of an anorthoclase. 
The other feldspars reacted similarly. Antiperthite contg. 15-20% anorthite showed 
only slight changes at the edges of the orthoclase inclusions. The fact that albite and 
orthoclase form mixed crystals probably has a bearing on the ease of diffusion. 

(C. A.) 

Behavior of feldspars at high temperatures. E. DittLerR AND A. KOHLER, Anz. 
Akad. Wiss. Wien, 61, 153-54 (1924).—A section 
cline contained 7% albite, the plagioclase about 


(010) of perthite, of which the micro- 
6% K feldspar and 2.9% anorthite, 
showed an extinction angle of microcline lamellas with respect to cleavage cracks = 
6.5°; to the albite lamellas, 20+1°. After having been heated to 1000° (cf. preceding 
abstract) the extinction angle for both was the same as that of the K feldspar, 6°. 
In some areas where the reaction was not quite complete readings of 11—13° were 
obtained. In sections (001) the characteristic grating structure had disappeared. Sec- 
tions || (001) of microcline and amazon-stone showed a similar loss of grating structure. 
This is the result of a rearrangement of the twin lamellas, thereby approaching the higher 
degree of symmetry exhibited by the orthoclase. In the case of the plagioclase of zonal 
structure with anorthite content of 20-70° no diffusion is evident even after the high 
temp. is maintained for 1000 hrs. (Cao 
The specific heats of rocks. Tokinaru OKAYA. Japan. J. Astron. Geophysics, 3, 
45-80 (1925).—A list of the sp. heats and a petrographic description of 73 Japanese 
rocks belonging to the andesitic, tuffic, metamorphic and granitoid classes is given. 
The sp. heat varies considerably from sample to sample in the same rock and is rarely 
greater than 0.30 or less than 0.10. In general, for andesitic rocks of the Na group it 
lies between 0.28 and 0.24; for rocks of the K group, 0.20 and 0.14. In the tuffic class, 
that of Na rocks is between 0.27 and 0.23; of K rocks, 0.20 and 0.18; of metalloid rocks, 
below 0.16. The sp. heat of cryst. limestone is between 0.19 and 0.25; of granite, 0.25 
and 0.18; and of saccharoid marble, greater than 0.26. 
Melting points of barium, strontium and calcium oxides. E. E. SCHUMACHER. 
J. Am. Chem. Soc., 48, 396-405 (1926).-A new method for detg. the m. ps. of certain 
oxides is described and illustrated. By this method BaO, SrO and CaO m. 2196° 
K., 2703° K. and 2849° K., resp. (C. A.) 
The time factor in the formation of some artificial minerals. A. B. Peck. J. 
Geology, 34, 65-70 (1926).—The minerals were formed in a Dressler tunnel kiln having 
a max. temp. of 1460° after continuous operation for 18 months. Silica glass was formed 
at 500-600° (98% SiO2), probably as the result of pneumatolytic action due to an oxida- 
tion of the linings composed of SiC. Hematite pseudomorphs after magnetite were 
observed in branching arborescent forms, formed at 840°. Cristobalite lithophysae 
were noted at a temp. above 1460° produced by the oxidation of SiC. Changes were 
noted at lower temp. than usually recorded in the literature, due to the longer time 
element. Also the larger size of crystals showed a very rapidly increasing rate as the 
temp. increased beyond a certain point. Below this point the time factor seemed 
negligible. , tC. A.) 
Concerning ‘‘evidence of liquid immiscibility in a silicate magma, Agate Point, 
Ontario.” N.L. Bowen. J. Geology, 34, 71-73 (1926).—Globular inclusions differing 
in color from the main mass do not constitute sufficient evidence for liquid immisci- 
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bility. The same effect might have been produced by hydration and oxidation by 
permeating solns. 
BOOKS 
Industrial chemistry. S. I. Levy. McGraw-Hill, New York, 1926. Price $4.60, 
postpaid.— Deals with general principles, process costing and costs, large scale operns., 
works equipment, a general survey of the chem. industries, and has chapters on special 
industries. ‘ 
Condensed collection of thermodynamic formulas. P. W. BripGMan. Cam- 
bridge: Harvard University Press. 34 pp. Reviewed in Mining & Met., 7, 149(1926). 
tc. 


General 


Boilers and boiler room accessories.-III. M.E.D. Manuf. in Canada, 1 [3], 15- 
17 (1926).—The 2 water tube boilers of the standard and cross-drum types are described 
and their advantages enumerated. Protecting the boilers: (1) by treating boiler feed 
water with chem.; (2) by mech. means as the use of boiler skimmers and (3) by filtering 
the water, is discussed in full. Savings effected by water softening are enumerated. A 
zeolite water softener is described as to construction and opern. Ibid.-IV. pp. 19 
20 (1926).—Suggestions regarding steam making by proper introduction of feed water 
into boiler are enumerated. Methods of ensuring that feed water has a high temp., 
such as use of “‘economizers’’ and different forms of feed water heaters, are described. 
News of ceramic industries. ANON. Manuf. in Canada, 1 [3], 36(1926).—Several 
brief notes as to attendance of ceram. men at various conventions. a 2 
The ceramic laboratories of the city polytechnical and trade school in Berlin. ScuHEr- 
MAN. Keramos, 5 [3], 127(1926).—The ceram. equipment of the school is described. 
The students are taught self-reliance in their lab. work and produce pottery, every step 
in the making of which has been carried out by them, starting with the designing of the 
piece and carrying it through all the various processes necessary to have a finished article 
as a result. 
Cutting power costs $10.00 per day. P.R.Erpwurm. Brick and Clay Rec., 68 {8}, 
618-19 (1926).—Oil engine power has greatly simplified the problems of brick manuf. for 
the Groesbeck (Texas) Standard Brick Co., by reducing the cost of labor and power. 
A Primm 100 h. p. oil engine replaced a slide valve steam engine. R. E. G. 
From backyard shop to world’s best. ANON. Brick and Clay Rec., 68 |9], 698 
702 (1926).—An illustrated description of the new St. Louis plant of the Northwestern 
Terra Cotta Co. This plant is said to be one of the most modern terra cotta plants. 
R. &. G. 
Recommended specification for quicklime and hydrated lime for use in the purifica- 
tion of water. ANON. Chem. News, 132, 231-33 (1926).—Specifications include defini- 
tions, and prescribe minimum lime content of 90% for quicklime and Ca (OH), content 
of 90% for hydrated lime. Prescribed methods of packing, and marking, conditions of 
sampling and testing, and detailed method of determining lime content are given. 
Ceramics in the service of industry and economics. Fritz Spitzer. Z. angew. 
Chem., 36, 287-90 (1926). A.) 


Book Review 


Industrial Stoichiometry. WaAkkEN K. Lewis AND ARTHUR H. RApbaAscu. Pp. xi+ 
174. New York: McGraw-Hill Book Co., Inc., 1926. Price $2.50. A book intended 
as an aid in the technique of computation for all those interested in the chemical phases 
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of industry. It shows how the performance of a process can be easily determined with- 
out the use of expensive equipment or interference with production. The introduction 
in Chapter I is a brief review of certain elementary principles of analytical and physical 
chemistry, indicating also the modifications in the method of using them in English 
units. The subsequent chapters are on the following subjects: fuels and combustion; 
gas producers; sulphur compounds; lime and cement; stoichiometry of furnace and kiln 
design; metallurgy; stoichiometry of plant design; crystallization; and miscellaneous 
problems. Under each chapter heading, various details in the processes are discussed 
and illustrative problems, based on data easily obtainable in practice, are worked to 
show the methods of computing industrially important quantities which would be 
economically expensive to measure directly. All illustrative problems are explained in 
detail, showing interrelation of all the various data obtainable for use in the calculation 
of the processes. Facilitation of calculations by use of diagrams representing flow of 
materials in process is shown in the figures used in connection with some of the illustra- 
tive problems. This method helps clarify relationship of items of data which if merely 
presented as a set of figures would seem absolutely irrevelant. Problems are included 
at the end of each chapter for practicing the use of the principles discussed in the text. 


E. J. V. 
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OW that the ceramic schools have 
issued diplomas to their graduates, 
what qualifications, Mr. Plant Owner, are 
you going to look for in the men you employ 
to reduce expenses, improve your ware or 


increase your production? 


Do not make the mistake of putting an 
engineer on shipping work or a qualified 
superintendent on routine office duties. Pick 
the man for the job, tell him what you expect 


done, and be good natured—the last is as 


much as a raise in salary, not for the new 


man but for all of your employees. Bury the 


grouch and note results. 
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DOP PAX 


The real value of an opacifier is best shown 
by its effect in the first coating of white enamel. 


Opax is today almost universally used for 
one-coat white enameled ware. 

Any deficiency in an Opacifier will quickly 
show up in this process. 


A single coat of Opax enamel covers the blue 
ground coat with a white THAT IS WHITE. 


The significance of this fact to every enamel 
manufacturer—and the higher the grade of his 
product, the more significant—is that Opax 
makes enamel more opaque and whiter than 


any other opacifier. 
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EDITORIAL 


WHY GLASS, ENAMELS, AND CLAYS ARE GROUPED 
IN CERAMICS 


By definition, based on usage throughout several centuries, ceramics 
is the science, technology, and art of manufacturing ware of clay and 
glass, t.e., of silicates. Whether the glass is fused to iron or steel, as in 
the glass enameled wares, or on brass or the precious metals as in name 
plates and jewelry, or whether the glass itself is shaped into hollow 
wares or flattened into window panes, or whether it is fused to a clay 
body as in glazed tiles and table wares, or whether it is the indurating 
medium in building materials such as bricks, terra cotta, and refrac- 
tories, it is a silicate of alumina and other oxides. 

The physics and chemistry of ceramic production involve reactions 
that are of the same sort whether the product be a simple glass or a 
complex glaze, or whether it be a porous refractory brick or a vitrified 
china. The same laws of solution and crystallization can be traced in 
all ceramic products when fired to obtain the degree of fusion required 
to make the ware. 

According to the physical properties of the materials used and of 
the ware produced the manufacturing processes differ quite radically. 
This is true of the processes for compacting clay into shaped wares and 
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firing for the purpose of hardening them by partial fusion, and it is 
true in the melting and forming of the simple glasses of various kinds. 
But as widely different as are the processes of forming and fixing, the 
similarities are sufficient to allow of coérdinating the involved funda- 
mental principles and procedures. 

In glasses, such as those made of soda, lime, and silica, the reactions 
in fusing are carried to such completeness as to effect a solution, and 
this solution is allowed to stiffen by lowering temperatures, yet main- 
taining a perfect solution. 

In clay wares of all sorts the reactions are carried only so far as is 
necessary to bond the coarser and the more refractory constituents to 
the extent required to give the ware its desired properties. Whereas 
glass is melted to complete solution of considerable fluidity, clay wares 
retain, in firing, the shape imparted to the mass in the molding. Glasses 
are molded while hot, whereas for clay wares the raw materials are first 
molded and then hardened by firing to produce within the clay structure 
sufficient glass to produce the degree of vitreousness desired and 
without loss of the shape imparted in the molding of the raw materials. 

Glasses are completely vitreous whereas the most vitreous porcelain 
or china is quite far from complete vitrification. It does not require 
much glass to effect the glassy fracture of the partially fused mixture 
in vitreous paving brick and in china. 

Just as the variation in properties of glasses may be varied by com- 
position so are the properties of the partially fused clay masses varied 
by the composition of the glass by which the unfused particles are 
bonded. The directions in which the several physical properties of 
glasses are affected by composition are found to be the same in the more 
complex glass bonds of the partially vitrified clay wares. 

Whereas in glasses the properties vary directly with variation in 
chemical composition, the properties of clay wares are a composite of 
the properties of the glass bond and of the material which has not gone 
into solution. The relation between chemical composition and proper- 
ties of glass is very evident, whereas the relation between chemical 
composition of clay ware mixtures and the properties of the fabricated 
clay wares are confused by the physical properties of the unfused 
materials, and by the fact that in clay wares of same chemical compo- 
sition and fired under the same heat treatment the composition of the 
glass bond will vary with the varying solution-availability of the excess 
refractory constituent. Rate of solution in the glass bond of clay wares 
differs according to the physical shape and properties of the clay con- 
stituents quite as much as according to differences in their chemical 
composition. 
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The influence of the availability for solution in the glass bond of the 
more refractory constituents of clays on the properties of the fabricated 
wares is illustrated in the following cases: 

(1) The resistance to traffic wear of vitrified paving brick is depen- 
dent more on the character than on the quantity of glass bond. Although 
usually the bricks will not hold up under traffic unless the kiln heat 
treatment has been such as to cause enough glass to be formed to 
practically eliminate all of the open pores, yet there are clays of which 
paving brick have been produced up to standard in which the quantity 
of glass bond was so small as to cause the brick to be quite porous. 

As in simple glasses so in the glass bond in paving bricks the larger 
the proportion of alkaline earths and the higher the silica (within 
limits) the tougher will be the brick. Not all clays high in magnesium 
oxide and silica will produce good paving brick but it is possible to in- 
crease the traffic-resisting properties of clay brick by additions of 
magnesium and silica if these be added in form in which they are 
readily available for solution in the glass bond and provided they are 
not added in excess of that required to produce a tough glass. 

Two per cent of talc added to a fire clay produced as tough a paving 
brick as any brick made from shale. In another case talc and fine silica 
sand increased the toughness of a fireclay paving brick. 

(2) In “‘vitrified’”” emery wheels composed of 75% insoluble emery 
grains and 25% glass bond, the physical strength of the wheel is 
dependent most largely on the physical properties of the bond. The 
abrasive grains do not contribute to the strength of the wheel except 
as their size and combination of sizes affect the continuity of the glass 
bond. 

The same direct relation between chemical composition and physical 
properties noted in simple glasses is found to hold in the more complex 
glasses used for bonding emery wheels. The alkaline earths, particu- 
larly magnesia, are beneficial. The molecular proportions of alumina 
and silica must be that which has been found to be best for porcelain 
and stoneware glazes. Proportioning materials for emery wheels, 
bonds, and porcelain glazes on Washington’s Norm scheme for studying 
ingeous rocks, makes possible a very definite control of the physical 
properties of the glass produced. 

(3) Bauxite fused to corundum, although very refractory, cannot be 
used in load bearing and slag-resisting refractories with clay as a bond. 
This is because the corundum, within the temperature conditions under 
which they are fired and used, is insoluble in the glass which hardens 
the bonding clay. As in the case of emery wheels, the corundum refrac- 
tories will be only as resistant to deformation at elevated temperatures 
as is the bond. 
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The fundamentals of ceramic chemistry cannot be fully set forth in 
an editorial of this sort. The purpose of the suggestive statements here 
made are to show that the physical chemistry of ceramic fabrication 
is of the same sort and involves the same principles and laws whether 
the product be a glass of simple chemical composition or a brick of 
complex composition, and whether the product is made of a completely 
fused or partially fused mass. Most of the problems of quality and 
perfection in the fabricated ware are solvable only by considering the 
physics and chemistry of the igneous solution induced by heat treat- 


ment used in fabrication. 


PAPERS AND DISCUSSIONS 


THE DEVELOPMENT OF DEFINITIONS FOR 
CERAMIC TERMS 


By Artuur S. Watts 


The author has had the rather unpleasant but very profitable duty 
of acting as chairman of the Nomenclature Subcommittee of the Stand- 
ards Committee and I think the Society at large should have an 
understanding of the work of this Subcommittee because the results 
of our efforts will directly concern every member of this SocIETy. 
This Subcommittee consists of M. F. Beecher, J. S. McDowell, and 
myself, but in our work we have had the valuable coéperation of a 
large number of the other members of the Society and I desire to 
acknowledge our obligation for the assistance rendered. 

The first consideration in the development of definitions is a matter 
of policy. Shall definitions indicate the meaning of the terms according 
to the correct technical usage or shall they indicate the popular usage 
of the terms? If the purpose of developing definitions is to aid in the 
standardization of ceramic processes, then the definitions should not 
consider the popular use or misuse of the terms but should be framed to 
protect the terms from abuse. 

This view however is not universally accepted. For example, Orton 
in his article “The Legal Definition of Vitrification’’! has pointed out 
that in certain ceramic wares, a condition of absolute non-absorption 
is not desired, and he holds that in crude clay wares, a density indicated 
by an absorption of 3% shall be considered as vitrification. In my 
opinion such a definition is misleading and should have been divided 
into (a) an absolutely accurate definition of the term, and (0b) an ap- 
pended “‘Note’’ stating that in crude ceramic wares such as paving 
brick, sewerpipe, etc., the term shall apply to ware which has an 
absorption of 3% or less. This policy has been favored in all the work 
of this Subcommittee. 

Another consideration in the development of definitions, is the 
special field of science in which the term is to be used. The AMERICAN 
CERAMIC Society should clearly indicate that the definitions which it 
approves are applicable only to the field of ceramics, and this has been 
done in all cases where the term is also used in fields other than ceramics. 

A good example of this confusion due to lack of definitions is the 
present controversy regarding the term “‘porcelain”’ as used in Europe 
and in the United States. In Europe this term signifies a highly vitrified, 
translucent whiteware, biscuited at a very low temperature, then 


1 Trans. Amer. Ceram. Soc., 16, 497 (1914). 
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glazed and the body and glaze matured together at a very high tem- 
perature. This term has, however, been adopted in the United States 
for referring to a porous whiteware body, devoid of translucency, 
biscuited at a temperature which gives it fair mechanical strength, 
then glazed and the glaze matured at a temperature much below that 
at which the body was biscuit-fired. 

The term “porcelain’”’ was first used in Europe and the enviable 
reputation of the European porcelain was probably the cause of its 
adoption by the American whiteware manufacturer when he needed 
a new name for his improved earthenware. 

The misuse of the term “‘porcelain’’ has been further extended to 
include a line of sanitary ware which consists of a terra cotta body 
covered with a tin-enamel. Thus one error has led to another and 
the difficulty of correcting and standardizing the usage of the term 
is greatly increased. 

The argument that the European definition of a term does not control 
its use in this country is not worthy of consideration, and the AMERICAN 
CERAMIC SOcIETY should never approve the use of the term “‘porcelain”’ 
except in referring to the ware so classified in Europe. 

The term “china” has been less seriously abused but is not definite 
at present because it is used in the United States in referring to ‘“French 


porcelain” as well as Belleek, bone china, and American hotel china. 
In order to avoid this confusion, I have for several years advocated 

the following definitions: 

A translucent ceramic body which is biscuited, 1.e., fired 

in the unglazed state, at a low temperature or not at all, 

and after glazing, the body and glaze are matured together at a high 

temperature. 


Porcelain 


A translucent ceramic body which is matured in the biscuit 
or unglazed state and later coated with a glaze which is 
matured at a much lower temperature than that of the biscuit-firing. 

The misuse of the term “‘porcelain’”’ in the United States, has left 
the way open for the introduction of an even more indefinite term, 
“‘semiporcelain.”’ If “‘porcelain’’ does not signify a translucent ware 
or even a vitrified ware and the prefix “‘semi’”’ signifies a lower grade 
than the term “porcelain,’”? we have what we formerly called “‘white 
earthenware.” 

There was a time when the earthenware of England had an enviable 
reputation throughout the world and there is no reason why this term 
should be discarded. I believe the AMERICAN CERAMIC SOCIETY is 
the organization to take the lead in restoring this good and useful term 
and placing a ban on the misuse or misappropriation of other terms for 
referring to white ware. 


China 
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A classification of “‘white ware’’ (so called) is urgently demanded and 
any reasonable recommendations from the AMERICAN CERAMIC SOCIETY 
would form the basis of a constructive program among the various 
manufacturing groups, but such a classification will be impossible 
until we have defined many other terms which must be used in explain- 
ing the basis of classification. 

At present this Subcommittee has for consideration the terms, 
“‘pore,”’ “porosity,” “porous,’”’ “‘vitrify,’’ “semi-vitreous,” “‘incipient 
vitrification,” and ‘“‘maturing temperature.’’ Each one of these terms 
has been the subject of much controversy and I hope that the definitions 
recommended may meet with approval so that we may proceed to the 
consideration of terms which are causing confusion in the industries. 

The Committee seeks constructive criticism and any who are in- 
terested will be furnished with the list of definitions under considera- 
tion. 

Among the problems that are causing delay in the presentation of 
definitions for the above list of terms, are the following: 

Does “‘porosity”’ include all cavities in the mass, whether large or 
small, including cracks, and whether extending to the surface or 
entirely within the mass? 

Does “‘vitrification’”’ in a ceramic body imply a characteristic glassy, 


stony, or flintlike fracture surface, in addition to being impervious to 
fluids? 

When is a ceramic body semi-vitreous? The exact meaning of the 
prefix would justify the definition “half vitreous,’’ but this prefix 
is elsewhere used to signify a degree less than half and the Committee 


has agreed that the term merely means “‘not completely vitrified.”’ 
Have we here an opportunity to give this term a real technical value 
by appending a “note” specifying the limits of commercial usage? 
The writer suggests the following: NoTE: Commercial usage demands 
that the absorption, as determined by boiling for 2 hours in distilled 
water and allowing to remain in the water for 20 or more additional 
hours, shall not exceed 10% or he less than the maximum specified 
according to service tolerance for vitrified ware of that type or class. 

We would thus create a division between the vitreous ceramic wares 
and the highly porous ceramic wares. The Bureau of Standards found 
that the white ware sold as semi-vitreous has an average absorption of 
about 8%, although in some cases it runs as low as 1%. 

The term “incipient vitrification” is also demanding definition. 
After much discussion the following is indicated as the choice of a 
majority of those who have interested themselves in the work of the 
Committee: 
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That state of a ceramic body in which contraction of 


‘ P ‘ the individual particles has reached a maximum and 
Vitrification 
the first traces of solution between the constituents are 
discernible. 


The use of the word “coalescence”’ to describe the “contraction of 
the individual particles’ has been suggested, but this appears to call 
for the definition of the term “‘coalescence”’ since this word is ordinarily 
used in referring to a process of growing together rather than merely 
a union due to contraction, accompanied by a vitreous bond. 

One other term for which a definition is desired is “‘maturing tem- 
perature.’’ What does this term mean? Is a ceramic body “‘matured”’ 
when it reaches that degree of vitrification demanded by the highest 
standards which it must meet or is it ‘“‘matured’’ only when the entire 
pyrochemical process possible between its constituents has been 
completed and the mass is in a state which will not be changed by addi- 
tional heat treatment. If the latter is correct, as some claim, then the 
term is practically useless in an industrial ceramic vocabulary since 
only a few glasses and enamels ever attain their ““maturing tempera- 
ture.’’ Certainly no ceramic bodies ever attain a state where pyro- 
chemical processes are completed and in the judgment of a majority 
of those consulted the term “‘maturing temperature”’ signifies “that 
temperature at which a ceramic body attains desired physical and 
chemical characteristics.”’ 

The foregoing presentation is not to be considered as a report of the 
Subcommittee but merely the reactions of the writer, as a result of the 
activities of this Committee. 

The AMERICAN CERAMIC Society holds a unique position in the 
ceramic field and should accept the task of establishing concise defini- 
tions of ceramic terms in order that technical literature may accomplish 
its greatest service. 

It does not seem wise that any definitions agreed on by the Standards 
Committee should be other than “‘tentative”’ for a period of time, thus 
providing an opportunity for the improvement which usually comes 
with a period of use. This will doubtless be the recommendation of 
the Committee which urgently solicits the constructive criticism of 
every member of the Society. 


Dept. or CERAMIC ENGINEERING, 
Lorp Hatt, O.S. U., 
CoL_umsus, OH#TO 
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BEHAVIOR OF CARBORUNDUM UNDER WORKING 
CONDITIONS'! 


By F. G. JAEGER 


Only a few years ago, furnaces used for enameling had to depend 
entirely on firebrick construction and were, at that time, nearly always 
coal fired. Shops which were obliged to operate continuously the year 
round, had to have at least one furnace in reserve while repairs were 
being made on the firebrick construction which in many cases stood 
up only a few months. A collapse of the entire structure exposed to the 
intense heat was expected at nearly any time without much warning. 
About six years ago the use of carborundum in parts of enameling 
furnaces was begun. 


Fic. 1. 


The use of this material was hardly appreciated at first except for 
its splendid heat conductivity qualities. As time went on however, 
those furnaces which were of carborundum construction stood up under 
far greater demands made on them than the old fireclay furnaces. 
Production figures were reached, which would have been impossible 
with the same amount of fuel or the same B.t.u. contained in any fuel. 

The troubles which have been experienced with silicon-carbide 
refractories are, in the majority of cases, due to the manner in which 
they are used, or rather, abused; and an intelligent understanding of 
the proper application of silicon-carbide refractories would greatly 
reduce the troubles which have been experienced in its use. 


1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Atlanta, Ga., 
Feb., 1926. (Enamel Division.) 
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The writer has had the opportunity to observe just 
how this valuable material should be used in furnace 
construction. After comparing notes with other men 
who have used carborundum it was noticed that in every case where the 
carborundum had failed after having been in use for perhaps a year, 
the fault lies not in the carborundum material but in the manner 
in which the various parts of the furnace had been constructed. 

A furnace, 10 ft. x 4 ft. 6 in. x 30 in. flat bottom with carborundum 
muffle, carborundum bottom, and carborundum supports under the 
bottom was fired almost continuously for 18 months- with coal, then 
changed to oil burning, with only slight changes in the coal fire box and 
fired for 18 months longer before repairs were needed. The supports 
under the muffle showed signs of failure and a crooked or uneven 
bottom made further operations undesirable for flat ware. When the 
furnace was dismantled it was found that the center pier or bottom 
support, which was the width of a single carborundum brick, laid end 
to end with about three inches between bricks, and laid to form checker 
work construction up to the last course which was laid crosswise to give 
more support to the bottom tile, was good in every way showing no 
signs of failure after three years’ use. It was the part of the furnace 
exposed to the most heat both from coal fire and oil flame. The piers 
coming out from the furnace walls and supporting the muffle, and 
those tile which were not center tile, did not stand up as well as the 
much exposed center pier. 

At the time we changed from coal to oil, we figured it would be well 
to reduce the size of some of the flues. It was decided to fill in some of 
the side flues. Not wishing to disturb the carborundum piers which 
supported the muffle and side bottom tile we filled in some of the flues 
with fire brick. In doing this some of the carborundum brick con- 


How to Use 
Silicon Carbide 


struction was “‘protected”’ against exposure to as much heat as they 
had been exposed to before we reduced the flues. In every case the 
“protected”? carborundum failed. 

The manufacturers of carborundum believe that points in a furnace 
construction which give trouble of this kind are those where the gases 
of combustion are trapped in a manner which prevents free circulation 
of the gases within the combustion chamber. Under such conditions 
it would seem that combustion gases are more severe in their action on 
silicon-carbide refractories than in points where free circulation is 
possible. It is, of course, true that at higher temperatures there is 
less tendency toward this trouble than where lower temperatures are 
encountered. 

It was found that where half of a carborundum brick had been tied 
into a firebrick wall, that half which was protected by being imbedded 
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in the wall was not in nearly as good condition as the half which was 
exposed to heat. Another case showing deterioration of protected parts 
was where the ends of the muffle tile nearest to the furnace door over- 
lapped the outer walls of the furnace. 

It is particularly desirable in the case of a carbofrax muffle to guard 
against cracking of the tile through mechanical strains. After the 
surface of a tile has been shattered from mechanical strains there is a 
greater tendency for gas attack on the remaining refractory body. This 
trouble is, of course, eliminated if the muffle is installed so as to allow it 
plenty of free movement independent of the rest of the furnace shell. 


How the Carborundum Failed 

Figure 1 is of brick showing how they swelled, how the part exposed 
to heat is good, and how the part not exposed deteriorated. Brick No. 1 
is compared with bricks Nos. 2 and 3, which are new. Brick No. 1 
expanded to 92 inches in length or ? inch longer than its original length. 
The width of the brick which was originally 43 inches expanded to 
5 inches, and in thickness the brick expanded from 2% inches to 23 
inches. Numbers 4 and 5 are specimens where the expansion was even 
more. 

Supertor ENAMELED Propucts Co., 


Sr. Lours, Mo. 


GLASS: A FACTOR IN CIVILIZATION' 


By ALEXANDER SILVERMAN 

If the story of glass making is a bit romantic, it is so only because the 
art and science in which we are interested afford that romance. In the 
Book of Job, Chapter XXVIII, verse 17, we read this commentary on 
wisdom, “Gold and glass cannot equal it; neither shall the exchange 
thereof be vessels of fine gold.’”’ It is this precious, though indefinable 
wisdom, that has improved the glass of the ancients and given us one 
of our greatest blessings; even extended the very borders of civilization. 
The glass of ancient times was prized for its fragility and for the objects 
of art into which it was molded. Tribute was paid in glass and so it 
hardly seems strange that the Roman Emperor, Tiberius, should have 
beheaded an artificer who could render it malleable and who alone held 
the secret. 

Early Chinese writings of the Shun period (about 2283 B.c.) refer 
to telescopes for the study of the heavens. The lenses were probably 
of rock crystal which we know is fairly plentiful in China; we do not 
know positively that clear glass existed there at that time. Bottles, 


1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Atlanta, Ga., 
Feb., 1926. (Address of the retiring Chairman of the Glass Division.) 
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flasks and bowls were used in ancient Egypt, but archaeological 
discovery shows a lack of the clear crystal of our day. Aristotle tells 
how the Greeks backed glass with foil to make mirrors and how the 
courts of the pre-Christian era limited the witness’ testimony with 
a water-filled hour glass. Humphrey Prideaux, an English oriental 
scholar of the 17th century writes, ““When Alexander the Great con- 
quered Babylon (330 B.c.), Callisthenes, the philosopher who accom- 
panied him found . . . . astronomical observations from 1903 years 
back, 2233 B.c. to that very time.’’ In Persia the Behistun rock, 
whose natural limestone beneath was badly eroded, yielded its secrets 
only because the inscriptions were preserved in a glaze. The Persian 
King, Sapor (A.D. 260), is said to have possessed a celestial sphere 
so large that through it he could observe the motion of the stars. In 
Pompeian baths and greenhouses, cast panes several feet in size were 
employed. They rather closely approximated modern window glass 
in composition. Glass was, however, chiefly of value for art purposes, 
even household utensils being prized as much for their art as for utility. 

When we study the history of the 12th century, we find Theophilus, 
an Anglo-Saxon monk, blowing the first window glass cylinders. In 
1317, Salvino Armato d’Armati of Florence, invented spectacles and 
at the same time mirrors were made in Venice with a backing of tin 
amalgam. In 1672, Richard de Nehou made similar mirrors in France, 
which still line the great ‘Gallerie des Glaces’’ at Versailles, where the 
treaty which concluded the World War was signed. His son, Lucas de 
Nehou, first rolled plate glass in 1688 at Saint Gobain. 1824 finds 
Robinet using an air pump for blowing glass, and in 1855 Petitjean gave 
us our modern process for silvering mirrors. In 1839 Gaudin prepared 
fibers of fused quartz and in 1869 Gautier made quartz tubes. Already 
at the beginning of the 19th century P. L. Guinand and his son, success- 
fully operated the first factory for optical glass, and in 1811 Frauen- 
hofer explained the dark lines of the spectrum which made possible 
our knowledge of the chemistry of heavenly bodies. 

In England, Robin Mansell was granted a patent for the use of “sea 
coal” in glass making in 1615. This was the first departure from the 
use of wood. Lead glass was produced there as early as 1720 and this 
made possible the beautiful cut crystal for which England became 
famous. Nor should the experiments of Harcourt on optical glass 
be overlooked, as they included borate melts. 

To Germany must be credited the first deliberate use of beechwood 
ashes in glass manufacture, and later, Stassfurt potash. The applica- 
tion of hydrofluoric acid in the treatment of glass by Heinrich Schwan- 
hart is important. Johann Kunckel produced gold ruby glass in 1677, 
and Doctor Fusch prepared potash water glass in 1816. But Germany’s 


SILVERMAN 313 


greatest contributions to the chemistry of glass were made in the years 
succeeding 1878 when Ernst Abbé’s appeal attracted his associate, 
Otto Schott, and the two gave us many important optical glasses and 
the famous Jena laboratory glassware. Siemens had already con- 
structed the important regenerative furnace. 

Bohemia shares some of the honors with Germany, and we Americans 
should take special cognizance of the wonderful lamp work of Leopold 
and Rudolf Blaschke whose exquisite glass flowers repose in the famous 
Charles Eliot Ware Collection in the Botanical Museum of Harvard 
University. 

Holland is supposed to have given us the thermometer and the 
compound microscope. 

What have we done in the glass field in America? The first industrial 
enterprise in the American colonies was a glass factory for the manu- 
facture of bottles, established in the Colony of Virginia about one mile 
from Jamestown in 1607, and glass constituted a part of the first ship- 
load of goods exported from America. Later many other factories 
were built, of which those at Sandwich, Massachusetts, and the Stiegel 
plants near Lancaster, Pennsylvania, are most familiar to collectors 
of old glass. In 1796 Messrs. Craig and O’Hara operated the first 
coal-fired furnaces in Pittsburgh for the manufacture of hollow ware, 
bottles, and window glass. In 1864 William Leighton of Wheeling, 
West Virginia, substituted a clear, brilliant soda-lime glass for the more 
expensive lead glass. The kerosene lamp and incandescent mantle 
brought accompanying developments and then came the electric bulb 
about 1870. While the first bulbs were blown from tubing, modern 
machines turn out a million each day. The Siemens furnaces appealed 
to Americans and with improvements made by Nicholson, Gill, and 
others, they were installed in the natural gas region about Pittsburgh 
in 1872. Little did these men dream of the giant tank furnaces now 
operating. Improvements in tools and the introduction of the shop 
system were factors in our development of the industry. In 1881 plate 
glass began a profitable career at Creighton, Pennsylvania. In 1882 
Arbogast pressed a blank including the finished neck of a bottle, and 
this led to other developments among which the Owens’ bottle machine 
of 1903 is an outstanding example. Frank Shuman secured patents for 
wire glass in 1892. Already in 1854 Loup, a Frenchman, had resorted 
to the use of a bait and compressed air for drawing window glass 
cylinders. The Lubbers machine, invented in 1903, is the one we use 
with many modifications which have since been added. Then came the 
continuous sheet glass machines of Emile Fourcault of Belgium, and 
our fellow-countryman, Irving W. Colburn, which are now manu- 
facturing flat glass. Other developments, including the manufacture 
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of laboratory ware and optical glass, are too well known to require 
repetition. The recent production of transparent fused quartz by 
Elihu Thomson and his associates at West Lynn, Massachusetts, should 
be kept in mind as the first practical step in an exceedingly important 
branch of glass making. 

And now, where does all this lead us? What has it to do with civiliza- 
tion? We need hardly reflect long, or think hard to see the answer. 
It is the glass of the telescope that gives us our view of the worlds of 
space, and the improvements of recent years have brought more of 
the story of this vast unknown realm to our eyes. The glass prisms of 
the spectrometer have enabled us to determine the composition of the 
sun and stars. This little glass prism told us over fifty years ago that 
there was helium in the sun and to-day we separate it from natural gas 
for use in the Los Angeles, which succeeded in flying across the Atlantic. 
Liquid air and other liquefied gases have only been possible through the 
Dewar glass vacuum flask. This we commonly use to keep hot things 
hot and cold things cold, and besides we have glass wool for insulating 
purposes. The microscope through its glass lenses introduces us to the 
world of tiny things and improves our knowledge of bacteria, structure 
of materials, etc. The thermostat insures even heating of home and 
factory. The clinical thermometer warns us of fever. The needle-like 
spicule of radon enters malignant tissues and reduces them. The glass 
ampule holds sera to combat or prevent germ diseases, the vial and 
bottle contain antiseptics and medicinal agents, and, what is more 
pleasant, bottles carry pure, clean milk to the door each day. The 
glass container serves as a perfect receptacle for preserving foods, at the 
same time revealing their attractive appearance. Bottles also contain 
the reagents which enable scientists to engage in researches in the 
laboratory and give the world more comforts. The glass electric bulb 
turns night into day, sends the spoken word round the world on wire or 
air, receives it, amplifies it many times and gives us sweet music and 
more of the wisdom which is praised so highly in the Book of Job. 
That little bulb, modified, of course, will some day warn us of fire and 
make great conflagrations a thing of the past, so that we may not only 
rest comfortably and complacently behind glass panes while wintry 
storms rage out of doors, but sleep the sweet sleep of unconcern. 

The banker stands safely behind lights of “transparent steel’? and 
defies the bandit’s gun. Could the man of ancient times see such dis- 
plays as we find commonplace behind the ordinary plate glass of the 
shop window or show case? We do not even have to go out doors to see 
true colors, for daylight lamps shed the tint of the noonday northern 
sky. And to see these displays we travel in comfortable trolley cars 
or automobiles, all the while enjoying what goes on as we ride. We 
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sleep going thirty or more miles per hour as unconcerned as we should 
in our beds at home, and see country in a day that our forefathers 
traveled long weary journeys afoot or by coach to traverse. With the 
barometer for altitude and the compass as a guide, we soar through the 
sky and fly over mountains and rivers. We travel under the sea, we 
sit in the glass-bottomed boat and see submarine wonders, or we may 
don the helmet and explore the briny deep to study nature’s secrets, 
or search for buried treasure. Another helmet, the gas mask, aids in 
mine rescue work. 

The X-ray renders our bodies transparent and reveals the cause of 
suffering. Again, it plays on a crystal and tells us there are atoms and 
how they are arranged. The vacuum bulb breaks these atoms up and 
uses their electrons, and with these glass bulbs and their rays, the prism 
reveals the actual planetary laws which govern the parts of our atom 
universes. 

Are we hungry, we cook in ovens with transparent doors, in glass 
dishes which show when the food is right, and the housewife avoids the 
occasional black look of old, which emanated from both food and 
consumer. 

And what of the camera and motion picture? Recently I traveled 
with a naturalist through the wilds of Wyoming. The snow lay six 
feet deep and in drifts, fifteen. I saw wild elk taken at a great distance 
through the telephoto lens. I was perfectly comfortable for I sat in a 
warm room. Again this same photographer of wonders took us into the 
wilds of Pennsylvania and I learned all about beavers and their habits, 
following them through stream and pond and Jake without getting 
wet feet. Next I learned much about the robin and his habits. It took 
the camera man seven years to photograph the parts which told their 
story on the screen in twenty minutes. The ends of the earth now come 
to us. Once we are seeing Switzerland, in a few minutes Egypt, next we 
view California. All because of glass lenses, glass bulbs, and the good 
men who use them for us. 

While I sit preparing this address, I am listening to the strains of 
sweet music and the voice of a great artist. Next week I shall probably 
hear voices from the countries of Western Europe, and I honestly 
expect, ere long, to see the speakers and the performers. 

We have not yet heard or seen all. We have a new addition to the 
glass family, transparent fused quartz, which is shaped at such a high 
temperature that the dazzling light it sheds compels the workman to 
wear dark welding-glasses, to protect his eyes, as is done in electric 
welding and cutting, or welding metals with the oxyacetylene blow- 
torch. When transparent fused quartz is manufactured more cheaply 
and on a large scale, new pictures of nature’s wonders will likely confront 
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us. We shall enjoy real sun baths in our homes in winter through quartz 
panes, as we now do on the seashore in summer. Disease is already 
responding to the potent rays that pass through these panes in the 
children’s wards of some of our hospitals. Through bent, transparent 
rods of quartz, light seems to actually travel around corners. Think 
of what the physician or surgeon can do for the patient by getting the 
light where he wants it, and without the danger of burning the patient. 
Perhaps the day may even come when we shall have our homes equipped 
with a network of quartz rods coming from a single powerful light 
source, so that we will raise or lower the shades in a room for artificial 
light, as we now do for daylight. You may accuse me of dreaming, but 
we all like to dream. Jules Verne dreamt of the submarine, and we 
smiled. H. G. Wells and Darius Green dreamt about flying through 
the air and we laughed. Dreaming does not seem so wild in this day 
of great inventions and the marvelious revelations which science brings. 

Certain it is that the art of glassmaking has been prized, for we see 
it following victorious armies from Egypt to Phoenicia, from Phoenicia 
to Greece, from Greece to Rome. With Rome’s loss of power the 
industry goes to Byzantium, and after the fall of Constantinople to 
Venice. Thence glass manufacture travels to the countries of western 
Europe, and since the World War our own country ranks supreme in 
this field. Do we not define the very boundaries of home and street 
and city, county, state, even nation, by the telescope of the surveyor’s 
transit? 

Where would civilization be today without glass? The answer is in 
your mind as well as mine. Now let us enter one of the many temples of 
worship in this “precious land,’’ viewing with humility the inspiring 
stained glass windows and their pictures of the prophets of old, and 
again hear Job reminding us that “Gold and glass cannot equal wis- 
dom; neither shall the exchange thereof be vessels of fine gold.’’ Let us 
then apply the wisdom that is ours to our chosen field, and give the 
world and civilization yet more and greater blessings. 


Dept. oF CHEMISTRY, 
Untv. oF PittsGuRGH, 
PittTsBuRGH, Pa. 


GROG FOR TERRA COTTA! 
By D. F. ALBERY 
Introduction 


In 1920 R. L. Clare and the writer, in an article on the effect of 
variation of the size of grog in terra cotta bodies recommended the use 


1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Atlanta, Ga., 
Feb., 1926. (Terra Cotta Division.) 
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of a manufactured grog for terra cotta. The following discussion is 
intended as a plea for the recognition of the importance of this question. 


Definition 


Some years ago, S. Geijsbeek! gave the following definition of grog: 
“Grog is burnt clay or its burnt products in single or compound bodies, 
in the ground state, coarse or fine, according to the use to which the 
material is put.’”’ However, a definition of all the materials which have 
been used as grog at various times by the terra cotta manufacturers 
would cover practically every known clay product and also many other 
materials. The principal materials which have been used and are being 
used are fire brick and refractory shapes; saggers and wads from various 
potteries; stoneware jugs, crocks and wads; fireclay sewer pipe; face 
brick; fireclay conduits; terra cotta and clay fired for the purpose. 
Vitreous sanitary ware, chemical stoneware, electrical porcelain, china- 
ware, etc., have all been used as grog in terra cotta bodies. Ground 
grog is used to control the plasticity and the drying and firing behavior 
of terra cotta bodies. 


Supply of Grog 


The supply of all these scrap materials is unreliable and in most cases 
is fast diminishing. In past years it has been difficult enough to obtain 
this material but with the urge for “‘less waste in the industries”’ it will 
become harder to obtain and more costly each succeeding year. Take 
for example, the stoneware industry, upon which the Chicago manu- 
facturers formerly relied for a large percentage of grog. In the first 
place the stoneware manufacturers have been continually trying to 
cut down their losses and at the same time the manufacture of glass- 
ware has cut in on their production. Likewise, a concern from whom 
the Chicago manufacturers have been buying broken fireclay conduits 
developed a line of face brick and has found it more profitable to use 
their broken material as grog in their brick than to sell it to the terra 
cotta manufacturers. So on down the line, the quantity of scrap 
material available is becoming less and less each year. 


Advantages of the Use of Manufactured Grog 


1. An assured supply of one of the main terra cotta body materials 
can be obtained. 

2. A certain clay, combination of clays, or clay and other materials 
can be used and processed to give a uniform product of the quality 
determined to be best suited for the purpose. 


1Trans. Amer. Ceram. Soc. 7, 133 (1905). 
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3. It will cost less. If this is not true now it surely will be so in the 
near future. In figuring the cost of scrap grog, it is impossible to esti- 
mate the cost of all the items chargeable to it. Purchasing costs due to 
lack of supply, the extra storage space which is necessary in order to 
keep as much of a supply ahead as possible, and the extra handling 
costs which are entailed should all be taken account of. 

Against the cost of scrap grog, the writer has seen figures as low as 
$1.75 per ton of calcined material for all labor and material exclusive 
of the cost of the raw clay. 


Suggested Methods for Making Grog 


C. B. Harrop presented a paper on this subject before the AMERICAN 
CERAMIC SOCIETY in 1916. He discussed the following methods: 

1. Manufacture of dobies which are bricks about 4x10x10 inches, 
run out on an auger machine and fired in periodic kilns. It might be a 
better practice to run out a simple hollow tile shape which would dry, 
fire, and crush to a better advantage than the solid dobies. Harrop 
quoted the price of dobies at $3.50 to $4.50 per ton at that time. 

2. The firing of large lumps of clay in downdraft periodic kilns. 
It was pointed out that this method was far from economical. 

3. The use of vertical shaft kilns. These have been used both as 
continuous and as periodic kilns. Mr. Harrop points out that the 
greatest difficulty with this type of kiln is in maintaining a draft 
through the shaft of clay. It is also stated that the run-of-mine clay 
can be more economically calcined in periodic kilns. 

4. Calcining in a rotary kiln. Mr. Harrop’s only argument against 
the rotary kiln was the high cost of the equipment. However, at the 
present date rotary kilns are used in the production of Haydite, a 
calcined clay, marketed as a light weight concrete aggregate. A rotary 
kiln is also being used to calcine clay for the production of the Babcock 
and Wilcox No. 80 fire brick. 

Other methods which might be used are: 

This undoubtedly would be one of the surest methods 
of obtaining a very uniform product. The cost of 
construction of a properly designed tunnel kiln should not be excessive 
and the operating costs should be favorable. 

A low, open top updraft kiln is used in one locality for 
calcining clay and the records show that it is quite 
economical and at the same time it produces a satis- 
factory calcine. 

The determination of the method to be used for calcining clay for 
grog will depend on the tonnage required, the type of clay to be used, 
the funds available for the investment and somewhat upon the location 


1. Tunnel kiln 


2. Open Top 
Updraft kiln 
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of the grog plant. However, the manufacture of grog could be started 
with the use of the low open top, updraft kiln, with a small initial 
investment and the development of the operation would take only a 
short time. 

It should be stated that some companies making terra cotta and 
other clay products, such as the West Coast companies, do furnish some 
specially manufactured material for use as grog, but it is not the 
general practice by any means. 


NORTHWESTERN Terra Cotta Co., 
Carcaco, ILLINOI!Is. 
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ACTIVITIES OF THE SOCIETY 
SUMMER MEETING OF THE AMERICAN CERAMIC SOCIETY 
Philadelphia, Aug. 30 to Sept. 2, inclusive 


Delay in announcing the date of the Summer Meeting has been caused by desire 
for certainty that the Sesqui-Centennial Exposition would be completed and in full 
swing. All large expositions of this sort without exception have been one year or 
more late in opening. 

The Philadelphia Sesqui-Centennial celebration will be in full swing by August 1, 
1926, with all buildings erected and all exhibits in place. By August 30 the weather, 
the shrubbery, and the lawns will be ideal. . 

The Society has secured reservations for 200 at the Bellevue-Stratford, a leading 
and centrally located hotel, fifteen minutes by bus from the Exposition grounds. Room 
rates, single without bath $4 to $6; with bath $5 to $6 (inside) and $7 to $9 (with 
outlook); additional charge of $2.00 for each extra person in room. 

Wednesday, September 1, is to be known as Ceramic Day at the Exposition. The 
Society will have a one-session program in the afternoon. 

Plans have been made for a special centralized ceramic exhibit for the week of 
August 30 if sufficient number will take space free of space cost. 

The personnel of the local committee in charge of the Summer Meeting is Ercil C. 
Hill, Chairman; C. C. Bacon, J. H. Borkey, L. B. Botfield, Richard P. Brown, John D. 
Carter, G. Roger Coats, Samuel O. Conkling, L. V. Dippell, W. E. Dornbach, Horace 
Drever, E. B. Estabrook, W. H. Fulweiler, W. B. Galloway, Arthur E. Gibbs, Francis 
D. Gill, J. P. Goheen, R. E. Griffith,C. A. Hall, R. E. Hanna, O. W. Ketcham, Craw- 
ford Madeira, P. A. Marvel, F. W. Miller, H. W. Moore, G. F. Pettinos, H. A. Plusch, 
R. H. Remmey, W. E, Saunders, H. M. Siner, Burrows Sloan, Frederick Stanger, C. B. 
Thwing, J. G. Vail, S. F. Walton, F. S. Windolph; Abrasive Co., L. L. Byers, represen- 
tative; Conkling-Armstrong Terra Cotta Co., Thomas F. Armstrong, representative; 
Enterprise White Clay Co., H. S. Donaldson, representative; Harper Electric Furnace 
Corp., H. P. Rust, representative; O.W. Ketcham, O. W. Ketcham, representative; Proc- 
tor and Schwartz, Inc., E. B. Ayres, representative; Seaboard Fuel Corp.; The U. G. I. 
Contracting Co., D. J. Collins, representative. 


American Ceramic Society in New Quarters 


Members of the AMERICAN CERAMIC SOCIETY will be pleased to learn that the secre- 
tarial and editorial offices of the Society have been removed to 2525 North High St., 
Columbus, Ohio, where commodious and pleasant quarters have been arranged for 
use. This new location affords the Society ample space for Transactions, Journals, and 
other personal property of the Society. Additional space which was necessary could 
not be secured at Ohio State University where the Society has maintained head- 
quarters for the past five years. 

The office staff of the Society with Mr. Purdy extends to members a cordial invi- 


tation to visit the new offices. “ 


NEW MEMBERS RECEIVED FROM JUNE 16 TO JULY 15 
Albert Little Abbott, Canton, Ohio. Research Eng., Diebold Safe and Lock Co. 
George A. Bass, 705 Olive St., St. Louis Mo. Pres., Hydraulic-Press Brick Co., 
Colin Alfred Bloor, 65—13th Ave., Columbus, Ohio. Student. 
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Kenneth Edward Buck, U.S. Bureau of Mines. Student. 
George R. Daniel, 1540 S. 5th St., Ironton, Ohio. Student. 
Milton Greenbaum, 961 E. 18th St., Brooklyn, N. Y. Clay Salesman. 
Samuel O. Hoffman, 355 Hayes St., San Francisco, Calif. Eng. Research Lab. 
Alexander H. Johnson, ‘‘Boronia’’, Hassell St., Parramatta, N.S.W. Australia. 
Chester C. Mayfield, 44 E. 18th Ave., Columbus, Ohio. Student. 
Frederik Regont, Director, Rijkschool, Lange Tiendeweg 79, Gouda, Holland. 
John Roben, Utzschneider & Ed. Jaunez, Zahna, Saxony. 
Mark J. Terman, 1110 Farmers’ Bank Bldg., Pittsburgh, Pa. Engineer, Brick Sales 
Dept., The Babcock and Wilcox Co. 
Howard R. Walker, 406 S.F.C. Bldg., Augusta, Ga., Sales Manager, Georgia-Carolina 
Brick Co. 
Membership Workers’ Record 


Personal 
H.R. Straight 2 
A. S. Watts 3 
Office 8 
Total 13 


CHANGES OF ADDRESS AMONG MEMBERS 


C. E. Bales has resigned as assistant manager of the Louisville Fire Brick Company 
to accept the position of production manager of the Ironton Fire Brick Co., Ironton, 
Ohio. Mr. Bales has been very active in the refractories industry during the past few 
years and at the present time is a member of the Research Advisory Committee of the 
American Refractories Institute, and a member of the Refractories Committee of the 
American Foundrymen’s Association. He was also Chairman of the Refractories Division 
of the AMERICAN CERAMIC Society last year. 

Oscar Brewer, of the Pyrometer Sales Department of the Leeds and Northrup Co., 
has been transferred from the Cleveland office of that Company to Philadelphia, 4901 
Stenton Ave. 

M. L. Freed, who has been conducting a research on mullite refractories at the Bureau 
of Standards for Henry A. Golwynne, is now in New York City with Mr. Golwynne at 
26 Cortlandt St. 

William Gardner, formerly of Huntington, Ont., Can., has established offices for 
consulting engineer work at 805 Hippodrome Bldg., Cleveland, Ohio. 

T. W. Garve has moved from St. Louis, Mo., to 513 Schultz Bldg., Columbus, Ohio, 
where he is doing consulting work. 

J. E. Hansen, who has been a Research Assistant at Mellon Institute for a number of 
years has recently become associated with the Ferro Enameling Co., 4150 East 56th St., 
Cleveland, Ohio. 

C. H. Kerr has moved from Southbridge, Mass., to 219 E. Hand Ave., Wildwood, N.J. 

Charles W. Hill has removed to 361 South 4th St., Fulton, N. Y. 

Roland H. Lamb is now located at 511 Central Ave., Charlotte, N. C. Mr. Lamb 
was formerly situated with Flynn and Emrich Co., Baltimore, Md. 

Edward D. Turnbull recently removed from New Brighton,S.I., N. Y., where he was 
employed with the U. S. Gypsum Co., and is now situated with the Euston Lead Co., 
Scranton, Pa. 
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PITTSBURGH SECTION VISITS PLANTS! 


On May 21, 1926,a party of twenty-six members of the Pittsburgh Section, AMERICAN 
CERAMIC Society, visited the plants of Laclede Christy Clay Products Company, 
Rochester, Pa.; H. C. Fry Glass Company, Rochester, Pa.; Beaver Falls Art Tile 
Company, Beaver Falls, Pa. 

The processes of manufacturing glass melting pots, glassware, and glazed wall tile 
proved to be of especial interest to those attending. The trip was taken in place of the 
regular May meeting. 


EDUCATION COMMITTEE CHAIRMAN IS SHOWING THE WAY 


The following is a program for education and research at the Ohio State University 
proposed by W. Keith McAfee, Chairman of the Committee on Education of the 
Society. The program was accepted by the Ohio Ceramic Industries Association as an 
outline for activities. Already several of these projects are well under way. 

(1) The prison brick plant at Roseville has been made available for research purposes, 
not alone to the University Engineering Experiment Station, but also to the U. S. 
Bureau of Standards. All injunctions and other legal restraints have been removed 
from the courts and all parties are in harmony with and for this project. 

(2) The department of ceramic art has submitted a four-year course and has asked for 
the necessary appropriations. 

(3) The program for coéperative investigations with the U. S. Bureau of Standards is 
so developing that even larger and more fundamental researches are assured. 

The following is the program as presented by Mr. McAfee: 

Education: (1) Department of ceramic engineering; (2) Department of ceramic 
art; (3) Secondary and vocational schools; (4) Two year industrial course and winter 
Institute Meetings. Research: (1) Coéperative with U. S. Bureau of Standards Ceramic 
Station; (2) Engineering experiment station; (3) University extension and student 
employment. 


Education 


Ohio State University was the first to give a collegiate course of 
instruction in ceramic engineering leading to a degree. That 
department was opened to students thirty-two years ago. 

Similar courses in ceramics are now given in (2) New York State School of Ceramics 
(3) Rutgers, N. J. (4) University of Illinois (5) Iowa State College (6) University of 
Washington (7) Georgia Institute of Technology (8) Pennsylvania State (9) University 
of North Carolina (10) West Virginia University (11) University of Louisiana. 

Announcements have been made of opening similar courses in ceramics this fall at 
(12) Massachusetts Institute of Technology and at (13) Missouri School of Mines. 

(14) University of North Dakota has offered courses in Ceramic Engineering for 
several years. 

Two Canadian universities have departments of ceramic engineering (15) Saskat- 
chewan and (16) Toronto. 

University of Colorado and University of Southern California are active in plans 
for ceramic departments, the former offering special courses this coming year and the 
later already with an evening school. 

With the exception of New York, Illinois, lowa, West Virginia and Louisiana, all 
of the present operating ceramic schools are headed by men from Ohio State University, 


1. Department of 
Ceramic Engineering 
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Ohio took the lead and has furnished the leaders but the department at Ohio State 
University today is under-manned, under-equipped and inadequately housed. Large 
progress and growth has been made in the last five years under stimulus of the Federal 
Bureau and the AMERICAN CERAMIC Society but its inadequacies, in comparison with 
other ceramic schools, should be corrected. 

Ohio cannot afford to lose its prestige of leadership in ceramic engineering education 

not because of pride but because, while Ohio now produces over 20% of American 
ceramic wares, other states are increasing their production. Ohio needs collegiate trained 
men to maintain her leadership in quality and quantity ceramic production. 
2. Department Ohio State University has not contributed to the advancement which 
ot Caine tan has been made in ceramic art although within the State the famous 
Rookwood and Zanesville potteries very early led in Majolica art 
wares and others, notably Cowan of Cleveland, are distinctive; in floor and wall tile the 
works at Zanesville long had supremacy in art tile; and in china the potters in the East 
Liverpool district very early equaled the world’s best. Yet, Ohio's prestige in ceramic 
art is threatened. 

Ohio can no longer lay claim to supremacy in artistic merit of its products. 

Ohio is the largest producer of decorative art ware, table ware, floor and wall tile, 
and face brick. It could produce terra cotta. Supremacy in quality as well as quantity 
requires men trained to conceive in terms of product quality, shape, texture and decor- 
ation. It needs men having the combination art concept and technical knowledge of 
materials and processes. 

The plant operator should have engineering stressed, whereas he who develops new 
and improved products must have product requirements stressed. The ceramic engineer 
is trained in production operations. The ceramic artists should be trained to compound, 
shape and decorate, to meet and to anticipate specific market demands. 

The world’s best in porcelain, china, tile, and terra cotta are not made in Ohio for 
no reason other than lack of vision of product and market. 

The use of ceramic products in building construction and decoration will be increased 
when the ceramic producers have men trained to vision and to produce wares that will 
serve better and be more pleasing. 

The training of the purchasers to demand higher quality in material, form, and dec- 
oration will stimulate the demands for ceramic products. When American producers 
will have convinced the public that their products are equal and superior to the foreign 
wares, America will get its rightful share to the vast sums of money now going to foreign 
manufacturers. 

Since such training cannot be given in a department of ceramic engineering without 
confusion and embarrassment and since ceramic art requires instructors and instruction 
radically different from those in ceramic engineering it is proposed that Ohio State Uni- 
versity have a department of ceramic art. 

Ohio needs men trained in ceramic art if it is to hold its leadership in ceramic produc- 
tion. 

The local manufacturers and the school board established a de- 
partment of ceramics at the East Liverpool High School. This 
school has operated during the present school year with three-year 
ceramic courses and evening vocational classes. A laboratory is equipped and op- 
erated with increasing enthusiasm and expectations on part of everyone concerned. 

This and the one at Los Angeles are the first attempts to train in ceramics some of 
that large percentage of American youths who do not go beyond high school. There are 
many possible Wedgewoods among the high school pupils who, if their attention and tal- 
ents were directed to ceramics, would forge this country ahead in ceramic quality pro- 
duction. 


3. Secondary and 
Vocational Schools 
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The need of more of such schools in Ohio will be apparent from a most casual survey, 
and E. L. Heusch, Director of Vocational Rehabilitation in Ohio for the federal and state 
under the Smith-Hughes Act, is able to secure financial assistance. 

Investment by the ceramic manufacturers of the state and especially by local groups 
in high school ceramic departments will bring directly back much that they are today 
investing through taxation in the public schools. 

The character of the instruction given in the high school ceramic departments is 

important. It is evident that these courses should be largely art, and by “‘art’’ as here 
used is meant the conception of finished products for definite purposes including the 
science in selecting and compounding materials, and in processing. 
(a) For more than twenty years the Ohio State University 
gave a two-year “Short Course.’’ It was for the young men, 
twenty-one years of age, who wanted special training in ceramics but could not afford 
the time and money for a full collegiate training. The need for such a course is as 
apparent now as in former years. The University should be given by the state the means 
of providing the instructors and facilities required for again offering such a course. 

(>) Foremen Institutes at stated intervals for studying the knowledge now possessed 
but not generally and most economically applied would seem to be an educational pro- 


4. Industrial Courses 


ject with large possibilities. 

The U. S. Bureau of Mines demonstrated possibilities of large fuel and turn-over 
economies in periodic kilns as now constructed, yet the ceramic industries generally are 
not profiting from the large amount of money and time invested in those demonstrations. 
The foremen do not know how to use the information. If the University could hold 
Foremen Institutes at stated intervals the method of fuel economy in kilns could be 
explained and applied with resulting manufacturing economies. 

Materials, equipment, and processes to obtain economies and to make improved and 
new products could be discussed at such Foremen Institutes. 

Such Institutes would bring the University and factory personnel into that close 
working understanding which is necessary if the industries are to have the most prompt 
and fullest benefits from the vast fund of information which the world is accumulating. 
Universities and research laboratories are profitable only when the fundamentals which 
they disclose are applied industrially. 

Foremen Institutes would be direct profit paying but they will require that the State 
through the University shall make their operation possible. 


Research 

For several years Ohio, through the University, has 
coéperated with the federal government in maintaining 
a ceramic station on the campus. The benefit to Ohio 
manufacturers of this investment of state funds has not been 
much more than to industrial ceramics generally, except to those few who have directly 
contacted with the station. The largest returns to Ohio have been through the stim- 
ulus of collaborating with the University department of ceramic engineering. 

The U. S. Bureau of Standards will continue investing $25,000 annually in ceramic 
research at their station on the campus. Every encouragement and use should be made 
by the ceramic manufacturers of Ohio of the opportunities which this station affords, 
particularly in plant proving of the results of investigations and in the determination 
of what investigations would be most timely and important. 

Thirteen years ago the Ohio legislature enacted a law for the es- 
tablishment of an Engineering Experiment Station at the Uni- 
versity, the purpose of which was ‘‘to make technical investigations 
and to supply engineering data which would tend to increase the economy, efficiency, 
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and safety of the manufacturing, mineral, transportation, and other engineering and 
industrial enterprises of the state, and to promote the conservation and utilization of 
its resources.” 

A special building has been erected and equipped to carry out the intent of this law. 
Although in Ohio the first ceramic school was established and in Ohio the AMERICAN 
CERAMIC Society was founded and here the first and the now only federal station devoted 
to ceramics was established, and although today Ohio leads all states in quantity and 
variety of its ceramic product, yet for thirteen years the ceramic manufacturers have 
had no part nor consideration in this Engineering Experiment Station. 

The Executive Committee of the Ohio Ceramic Industries Association has studied 
the possible means for the ceramic manufacturers of the state getting their share of the 
research in this state supported experiment station. While most of the personnel and 
operating expense of a ceramic division in the station would be borne by the state yet 
those interests which assist in financing will get attention, thus giving the station the 
means with which to operate. 

In the name of, and with complete expectancy of supporting approval of the ceramic 
manufacturers of Ohio, an agreement was entered into with the University and George 
A. Bole, that if Mr. Bole would accept the leadership in the Ceramic Division of the 
Ohio Engineering Experiment Station, the University, during the year beginning July 1, 
1926, would pay $3,800.00 and the ceramic workers of the state would provide $4000.00 
to cover Mr. Boles’ salary and expenses. This will assure the beginning of ceramic work 
under the auspices of and at the expense of the State. 

Governor Donahey and Welfare Commissioner Harper have the problem of rehabili- 
tating the state prisoners. Any who will investigate will find that their program is one 
of very large economic as well as moral value to the state. If a human life has an economic 
value the directing of the lives of those who, in sight of law, have erred is worth all 
that it will cost. The Governor and Commissioner should be given every support in 
this great program of human salvaging. 

But the cost as well as the gain of such a program should receive attention. Manu- 
facturing with prison labor should be alone for the rehabilitation of prisoners. Goods 
produced and not consumed by the prisoners should not be sold below market value. 
Financial profits should be used in providing more labor for prisoners. 

It has been proposed by the AMERICAN CERAMIC Society that the Welfare Depart- 
ment and the Engineering Experiment Station work out a means for jointly employing 
prison labor at the state brick yards in the conducting of investigations looking to more 
economic production of brick and tile and to more economic use of fuel. By such a plan 
the Governor’s rehabilitation program would be augmented and the odiousness of com- 
petition of products of prison labor with those of the law-abiding plant labor would be 
minimized. 

With the Engineering Experiment Station and other state departments coéperating 
there are possibilities, at little monetary cost, to work out problems of kiln design and 
management, and of fuel economies which no private firm would dare to undertake. 

Before such schemes can be worked out there will have to be a considerable amount 
of study and in the end a large amount of personal and moral support. Is the idea of 
conducting researches by the Experiment Station worth the effort which will be required 
to secure the support of the Heavy Clay Products Manufacturers of Ohio? 

(a) The extension of university activities off the campus 
and at the plants would in no wise compete with ceramic 
employees but would, on the other hand, show the way to 


3. University Extension 
and Student Employment 


more extensive employment of technically trained men. 
The many ways the University can be working with the industrials within the state 
was set forth by A. S. Watts at the fall meeting at the Ohio Ceramic Industries Asso- 
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ciation. His paper appeared in the Bulletin of the American Ceramic Society, January, 
1926. 

Professor Watts recommended ‘‘that a committee consisting of representatives of 
every type of ceramic industry be created to consider what form of ceramic extension 
service is most needed and to make recommendations regarding such service and the 
methods to be employed in securing same.”’ 

(6) Student employment during the summer has been growing in favor with the 
ceramic manufacturers of the state. 

With the coéperation of the University, the students could be employed in groups 
on a “plant-to-plant’’ schedule making heat balances on kilns and making other in- 
vestigations that require accurate observing and data recording. Such employment by 
manufacturers on a cost charge basis in the making of investigations under the direction 
of the University would mean a great deal to the manufacturer, the students and the Uni- 
versity. 


Other Plans of Education Committee 


Other projects are being considered by members of the Committee on Education, 
all of them advisory, yet means for their execution is being sought and assistance given 
where possible. The Committee will have a definite program at the Summer Meeting 
of the AMERICAN CERAMIC Soctety to be held in Philadelphia, August 30 to Sept. 3, 
inclusive, for the purpose of obtaining the widest and most thorough consideration of 
plans for educational and research plans for ceramic schools. 


NOTES AND NEWS 
STATE CERAMIC ASSOCIATIONS ARE ACTIVE 


The members of the Ohio Ceramic Industries Association convened May 14 in 
Columbus. A program for state support of ceramic education and research at Ohio 
State University was considered in detail. Already some of the plans are well along to 
fruition for these projects. 

The New Jersey Clayworkers Association held its annual summer meeting on June 
8 with a program of technical papers. The well-equipped ceramic building and aggressive 
educational-research personnel and program at Rutgers University is a result of the 
activities of this Association. 

The Northwestern Clay Workers Association and Section of the AMERICAN CERAMIC 
Society will meet in Vancouver on July 9 and 10. This Association is to be credited for 
the excellency of the equipment, personnel, and program for ceramic education and 
research at the University of Washington. An outline of their present activities is 
given elsewhere in this Bulletin. 

As in Illinois, Georgia, and Iowa, so it is in other states, the strength and influence 
of the ceramic work in their respective state universities is in direct proportion to the 
strength and far-sightedness of the respective state associations. The universities have 
the desire and the possibilities, but they can be and do only as their ceramic constituents 
in the state will make possible. Much depends on the state ceramic associations and 
some of them have already proved effective in securing the facilities and in putting 
through a profitable program of ceramic education and research in their respective 
states. The schools would soon be almost impotent without a vigorous state association 


in support. 


zz 
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NOTES FROM THE CERAMIC SCHOOLS 
Georgia School of Technology 


By A. V. Henry 


The Georgia School of Technology will complete, by the end of the summer, a study 
of the adaptability of Georgia clays in saggers. This research is being conducted by the 
Central of Georgia Railway. 

A coéperation has been arranged with the Georgia State Geological Survey in the 
preparation of a new Bulletin describing the clay resources of the State. All of the tests 
will be made in the laboratories at Georgia Tech. 

W. H. Vaughan, who was graduated at the Georgia School of Technology in 1923 
and received his Master’s degree in Ceramics at the University of Illinois, will be added 
to the faculty September 1. Mr. Vaughan has been engaged during the past year, 
conducting research on the uses and refining of the sedimentary kaolins of Georgia. 


Iowa State College 
By Paul E. Cox 

Francis E. Allen, Robert Lee Blessing, John B. Ives, Fred. W. Greenlee, Evert 
Basil Miller, J. Donald Pearson, and Willard G. Young were graduated with the degree 
of B.S. from the Department of Ceramic Engineering of lowa State College. This is 
the largest group thus far graduated at Ames and every man of them is a member of the 
AMERICAN CERAMIC SOCIETY. 

Allen enters the employment of the What Cheer Clay Products Co. at What Cheer, 
lowa, a sewer pipe plant; Blessing, the Des Moines Clay Co., Des Moines, Iowa, a face 
brick plant; Ives probably will enter the employment of the National Fire Proofing Co.; 
Miller goes with Brick and Clay Record; Pearson probably with Golding Sons Co., 
at Trenton; Greenlee with The 
Metal and Thermit Corporation 
at Carteret, N.J.; and Young goes 
with the Zwermann Sanitary Ware 
Co. at Robinson, IIl. 

Most of the men have had more 
than two opportunities for employ- 
ment. A new note in letters from 
prospective employers is that of a 
demand for one or more summers 
in a ceramic plant of some sort as a 
requisite for consideration. This is 
a desirable situation so far as the 
school is concerned. Employing 
firms do not seem to be overly im- 
pressed by statements of work in 
business training courses and seem 
to be most interested in the fellow - 
who has had ample chemistry, Fic. 1.—Wedgewood vase float in the Veisha 
physics, and mathematics. These at Iowa State University. Made by students in 
seem to be the tools the ceramist the Ceramic department (Second prize). 
needs. 

There have been no changes in the faculty except a little betterment in salaries. 
The authorities recognize that the department is on a firm foundation and that ceramic 
industries are important ones. 
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Several small furnaces have been added, including a furnace for the firing on of metal 
enamels, This furnace has been used lately also by the Department of Mining Engineer- 
ing for work in coking Iowa coal, and since this furnace was designed with the idea of 
holding a constant temperature 
over long periods of time, it serves 
well for both sorts of work. 

The large classes of girls working 
in modelled pottery, a course offered 
in support of the work of the Divi- 
sion of Home Economics, and no 
part of the work in ceramic engi- 
neering, forced the building of a 
clay making plant of small com- 
mercial size. Engineering students | | 
have built and designed this outfit, Fic. 2.—Sphinx weighing three tons in the 
and because a small filter press Veisha takes first prize. This was made bystudents 


segregates sand, making spots of of the Department of Architecture assisted by 
sand in the wares, the plaster box 


plan was followed, with, however, a 
blunger and sifter of the normal type. This outfit produces clay of a better quality 
than the small filter press will produce, and at less cost. 

The Department of Ceramic Engineering generally has at least one Tau Beta Pi 
man and has one now in Homer M. Tostlebe, a Sophomore. Tostlebe is working his way 
through school and is classed as a Sophomore although this is his third year. He will 
become a Senior with scant time as a Junior, owing to certain credit methods. 

Dean J. E. Foster, Dean of Men and Director of the Summer Sessions, circularized 
all the membership of the Western Arts Association, calling their attention to offerings 
in the Department of Ceramic Engineering in school pottery. Efforts are being made to 
put the plant and faculty to year-round work, and teachers may have almost any kind of 
work in ceramics that their training and tastes fit them to undertake. This work does 
not make ceramic engineers but it does make customers for fired clay products of the 
several kinds. 


ceramic students. 


The photographs of the winners in the parade of floats in the Veishea 


. of this spring are shown. Department of Architectural Engineering took 
Win Prize first place and sweepstakes with the sphinx while the Department of 


Ceramic Engineering took first place in the Engineering Division and 
second place with the Wedgwood vase float. The contest was so close that many persons 
thought the decision might have been the other way about, though Prof. Cox thinks the 
decision was correct. 

The photograph fails to show the color in the vase, of course. Two boys carried a 
hand barrow title for the float, the title being ‘Ames Ceramic Engineers Pay Tribute 
to Josiah Wedgwood.” The entire work on both floats was the work of students. 

The sphinx has three tons of clay in his carcass and the Ceramic Department donated 
technical device and machinery for pugging, else there would have been no sphinx, so the 
ceramic fellows feel that the parade was pretty much their own this time. 

This is the first taste of ‘‘blood’’ in all the years the Ceramic Department has existed 
but there was no competition worth while against these two floats, although this parade 
was a mile long. 

The movie folks have a part of this parade going the rounds, the Pathé people being 
one of the concerns that came out for material. 
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Louisiana State University 


Louisiana State University is making a survey of the clay resources of the State under 
the direction of J. W. Whittemore and in conjunction with this work is organizing a 
department of ceramic engineering, also in charge of 
Mr. Whittemore. 

It is the plan of the University and the State De- 
partment of Conservation to equip a laboratory fully 
so that not only will students be given a complete train- 
ing in ceramic engineering, but it will also be possible to 
make a very thorough investigation of the clay deposits 
of the State. 

J. W. Whittemore was born in Sioux City, Iowa, in 
September, 1897. He spent one year in Morningside 
College located at Sioux City, and four years at Iowa 
State College where he received a B. S. degree in Cer- 
amic Engineering. During his vacations while in school 
at Ames he worked for the Sioux City Brick and Tile 
Company testing clay and doing different jobs on 
the plant. 

Following his graduation in 1921 from Iowa State 
College he was six months with his brother O. J. Whitte- 
more in the construction engineering business. Follow- 
ing this he went with the Sioux City Brick and Tile 
Company, first as forman and then as superintendent, for two and one-half years. 


North Carolina State College 
Student Branch 


The student branch of the Society which was organized in 1924 has just completed 
a very successful year under the guidance of President Stanton Hardee. The branch 
met regularly each month and the attendance was always large. Lectures on ceramic 
subjects by members of the faculty and clay workers of the State, and moving pictures 
of ceramic processes made up the programs. The organization also took an active part, 
in fact, was one of the leaders in the formation of an Engineering Council at the college. 
This council is made up of representatives of all the local branches. 

At the final meeting of the college year, the following officers were elected and in- 
stalled for the year 1926-27. 

President, P. E. Trevathan; Vice-President, Arthur McK. Greaves-Walker, and 
Secretary-Treasurer, W. L. Stafford. Representatives on Engineering Council, P. E. 
Trevathan and A. McK. Greaves-Walker. 

The activity of the new officers during the past year gives great promise for the work 
of the branch next year. 


T. W. WHITTEMORE 


Ohio State University 
By A. S. Watts 


The teaching staff for the coming year at Ohio State University is as follows: Arthur 
S. Watts, head of the department: china, porcelain and art ware; J. L. Carruthers: 
structural ware industries, and kiln, drier, and plant design; G. A. Bole: refractories 
and cement industries, and chemistry of silicates; S. R. Scholes: glass; T. M. Felton: 
metal enamel industry. 

Each of these teachers is a specialist in his field and has a practical as well as a 
theoretical knowledge of his subjects. 
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Additions and improvements are being made to the equipment of the ceramic 
department. 

The Federal Ceramic Research Station located in the west wing of Lord Hall has been 
transferred from the Bureau of Mines to the Bureau of Standards and will be in charge 
of S. J. McDowell, Cer. ’17. This change will permit the investigation of many subjects 
not possible under the former management. 

The establishment of a semi-commercial research plant in connection with the 
State-owned brick plant will enable the Ceramic Division of the Engineering Experiment 
Station of the University to conduct many important industrial researches never before 
possible and will be of great value in connection with ceramic instruction. The brick 
plant erected at Lord Hall, but never operated, will be removed to this new research 
station and the space that it now occupies will be made available for additional labor- 
atory apparatus including several new testing furnaces. 

The seniors of this year have accepted positions as follows: R. D. Beck, Pfaudler 
Mfg. Co., Elyria, Ohio; C. A. Bloor, Square D Co., Peru, Ind.; K. E. Buck, U.S. Bur. 
of Standards; V. E. Campbell, returning to O. S. U. for advanced work; G. R. Daniel, 
Ironton Fire Brick Co., Ironton, Ohio; L. J. Franz, A. P. Green Fire Brick Co., Mexico, 
Mo.; R. F. Grady, Jr., St. Louis Terra Cotta Co., St. Louis, Mo.; A. E. Lepper, C. B. 
Harrop Co., Columbus, Ohio; C. C. Mayfield, Standard Sanitary Mfg. Co., Tiffin, 
Ohio; C. L. Merritt, announcement withheld pending official release; G. H. Merry, 
Merry Bros. Brick Co., Augusta, Ga.; G. R. Sylvester, C. B. Harrop Co., Columbus, 
Ohio; E. H. Watkins, Barnes Mfg. Co., Mansfield, Ohio. 

K. M. Chiu, R. W. MacDonald, and E. L. Harcourt have also completed the course 
with the exception of a few hours credit and will be graduated early in the next school 
year. 

Harold E. Simpson received his Master of Science degree this year and will re-enter 


the Graduate School for the Doctor of Philosophy degree. 

More than seventy students in Ceramic Engineering at Ohio State University will 
be employed by ceramic plants this summer in accordance with the requirement by 
which they must have two summers of practical experience before graduation. 


Rutgers University 


The Rutgers Ceramic Club and Student Branch of the AMERICAN CERAMIC SOCIETY 
has been very active throughout the year. Regular monthly meetings have been held 
at which lectures on various phases of the industry were presented by prominent 
ceramists from this vincinity. 

W. R. Wyckoff, a member of the staff of the Ceramic Department, has accepted 
a position with the M. D. Valentine & Brother Company, of Woodbridge, N. J. His 
place will be filled by E. C. Henry, a member of this year’s graduating class, who will 
serve as research assistant. 

G. C. Betz, instructor and research assistant in the Ceramics Department, will 
take a position on July 1 with the Circle ‘‘F’’ Manufacturing Company of New 
Brunswick and Trenton, N. J. Malcolm B. Catlin, who has been spending a year 
at various ceramic plants in Europe, will take the position vacated by Mr. Betz. 


University of Illinois 
By T. N. McVay 
Five men were graduated in ceramic engineering and three men in ceramics at the 
University of Illinois, Urbana, Illinois, June 14, 1926. The following list shows where 
some of them will be placed: 
R. G. Roeske, Cherokee Brick Company, Macon, Georgia; L. D. Fetterolf, Ceramic 
Engineering Dept., Univ. of IIl., Urbana, Ill.; J. G. Baer, Streator Clay Manufacturing 
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Co., Streator, Ill.; T. W. Talwalkar, undecided; K. B. Strong, undecided; G. G. Grogan 
and C.H. Wolff, Vitreous Enameling Company, Cleveland, Ohio; R. W. Morgan, 
The Wahl Company, Chicago, III. 

E. P. Wright, research assistant in the ceramic engineering department since 
the summer of 1924, has accepted a position with the Homer Laughlin China Company, 
Newell, West Virginia. 


University of Toronto 
By R. J. Montcomery 

A change is being made in the Ceramic Course given at the University of Toronto 
this next year. Last year the Ceramic Course was given as an option in the fourth year 
of theFaculty of Applied Science. This is being broadened so that any Engineering Stu- 
dent wishing to become a Ceramic Engineer may take Ceramics in the third and fourth 
years. The course leads to the degree of B. A. Sc. The Ceramic Course will still be a 
division of the Department of Metallurgy. 

The first two years will be devoted to the studies common to all the Departments in 
the Faculty of Applied Science, while the last two years will be devoted to ceramics, 
and allied subjects, rounding out a comprehensive training in the fundamentals of the 
science. 

Three fourth-year students took the ceramic option offered for the year just closing. 
John M. Jeffrey is taking a position with the Canadian Porcelain Co., of Hamilton; 
Harry P. Kimbell will be with the Hamilton and Toronto Sewer Pipe Co., during the 
summer and will return to college next fall for graduate work in ceramics. Robert 
J. Watson is in the graduate school taking geology as a specialty. He will continue his 
study of geology and will be with the Provincial Geological Survey during the summer on 
clay survey work in Northern Ontario. 


University of Washington 
By Hewitt WILSON 

The ceramic engineering department of the University of Washington has completed 
its most successful school year. The Pacific- Northwest is awakening to the opportuni- 
ties in the ceramic field and to its undeveloped ceramic resources. This school is be- 
coming an increasingly vital factor in the non-metallic ceramic development and growth 
in Alaska, British Columbia, Washington, Idaho, Montana, Oregon, and California. 
We receive samples from Alaska to South America. Our graduates are scattered not only 
over the Pacific Northwest but also in California, Colorado, Missouri, Ohio, Pennsyl 
vania, and Massachusetts. 

However, the educational side of our program is of minor importance with respect 
to the codperation with the local industries and research developments. A very large 
portion of our student laboratory work is devoted to new problems, in many cases of 
local importance. For instance the school is coéperating with the Pacific Northwest 
Brick and Tile Association in a study of the efflorescence troubles of local brick masonry. 
Sixteen 4 x 4-foot brick panels have been erected back of the laboratory with different 
mortar materials designed to produce efflorescence and to prevent it. The design of the 
problem, the mixing of the mortars, observations, analysis of the scum are all carried 
in the class work. Our work here is largely dependent on the codperation of the ceramic 
industry in the North Pacific and we intend to keep that codperation alive. 

Four men have completed their requirements for graduation in ceramic engineering 
this year. Three are receiving their bachelor degrees and one his master’s degree. 

H. R. Goodrich for his thesis requirements developed a new spalling test for fireclay 
brick by measuring the loss in compressive strength after a series of thermal shocks. 
He is now employed by the Celite Products Company of Lompoc, Calif., in their dia- 
tomaceous earth research laboratory. 
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T. O. Smith studied a number of the local sands and silica materials with reference 
to their use in glass manufacture. He is now employed by the Kansas City Terra Cotta 
Company as ceramic chemist. 

T. E. Nicholson has developed a heat balance for use in the study of our laboratory 
kilns and also tried it out on one of the Seattle Hoffmann continuous kilns. The Glad- 
ding-MacBean and Company have employed him as ceramic chemist for their Auburn, 
Wash., plant. 

Roland Ciarke has completed his scholastic requirements for a Master’s degree but 
remains until the first of July to finish his U. S. Bureau of Mines ceramic fellowship. 
He has done excellent work in the design of a continuous kaolin washing apparatus for 
the purification of our eastern Washington kaolin materials. Clarke received his 
Bachelor’s degree at Alfred, N. Y. : 

Henry Baumann, the other ceramic fellow, will complete his work at the end of the 
summer. His individual research work is also devoted to the testing of the local kilns 
and the development of adequate heat balances. 

The tentative date for the summer meeting of the P. N. W. Clayworker’s Association 
and the Brick and Tile Association is scheduled for July 9 and 10 in Vancouver, British 
Columbia. The Clayburn Company, Ltd., of Vancouver, has offered a very welcoming 
invitation to visit their Canadian plants. 


West Virginia University 
Ceramic Courses will be offered at West Virginia University at Morgantown during 
the first term of summer school, June 21—July 30. Research work in ceramics will also 
be carried on during this time. W. A. Koehler, head of the Ceramic Division, is working 
on a ball mill problem which is nearing completion. 


American Engineering Standards Committee 


Under the auspices of the American Engineering Standards Committee, a large 
project which will lead to the eventual standardization of scientific and engineering 
symbols and abbreviations has now been fairly launched. The sectional committee, 
which includes a total representation of 31 trade, technical and scientific societies, 
held its organization meeting on January 21, 1926. 

The societies taking a leading part in the work as sponsors for the sectional com- 
mittee are: American Association for the Advancement of Science, American Institute 
of Electrical Engineers, American Society of Civil Engineers, American Society of 
Mechanical Engineers, and Society for the Promotion of Engineering Education. 

The officers of the sectional committee are: Chairman, J. Franklin Meyer, Bureau 
of Standards, Washington, D. C.; Vice-Chairman, Sanford A. Moss, Thomson Research 
Laboratory, General Electric Company, West Lynn, Mass.; Secretary, Preston S. Millar, 
General Manager, Electrical Testing Laboraties, 80th Street and East End Avenue, 
New York City; Asst. Secretary, S. McK. Gray, Electrical Testing Laboratories, 80th 
Street and East End Avenue, New York City. 

The larger groups of the work planned for early attention, and on most of which 
sub-committees have been organized and are actively at work, are the following: 
{1) mechanics, structural engineering and testing materials, (2) hydraulics, (3) heat 
and thermodynamics, (4) photometry and illumination, (5) aeronautics, (6) mathe- 
matical symbols, (7) electrotechnical symbols and abbreviations, including radio. 

The secretary of the sectional committee will be pleased to receive the coéperation 
of interested organizations and persons specially interested in the general subject or 
one of the above subcommittee topics. Groups of symbols or abbreviations on these 
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subjects which have been proposed or adopted in various fields of engineering or indus- 
iry, or other work within the scope of the sectional committee, may be communicated 
Jo him. 

It will be realized that the whole of the work before the sectional committee will 
require participation of a great many interested individuals and groups and a long time 
for its completion. The present plan is to concentrate upon those fields in which the 
need of unification is most pressing or in which material that may underlie a future 
standard is already in existence, and can be readily put into form for study, circulation 
and formal adoption, by the sectional committee, by the sponsors, and finally by the 
American Engineering Standards Committee. 


United States Civil Service Examinations 


The United States Civil Service Commission announces the following open com- 
petitive examination : Ceramic Engineer. 

Applications for ceramic engineer must be on file at Washington, D. C., not later 
than July 27. The examination is to fill vacancies in the Bureau of Standards, Depart- 
ment of Commerce, and in positions requiring similar qualifications, for duty in Wash- 
ington, D. C., or elsewhere. The entrance salary is $3,800 a year. After the probational 
period required by the civil service act and rules advancement in pay without material 
change in duties may be made to higher rates with the pay range for the grade, up toa 
maximum of $5,000 a year. Promotion from lower to higher grades may be made in 
accordance with the civil service rules as vacancies occur. Competitors will be rated on 
their education, experience, and fitness; and writings to be filed with the application. 
Full information and application blanks may be obtained from the United States Civil 
Service Commission, Washington, D. C., or the secretary of the board of U. S. civil- 
service examiners at the post office or customhouse in any city. 


Bureau of Standards Advisory Committee 


By call of the Director of the Bureau, George K. Burgess, a group of ceramists met 
Chairman A. V. Bleininger in Washington, June 8. The purpose and scope of the 
committee was set by Dr. Burgess. 

Each group went into executive session to determine what topics of fundamental 
nature the group wanted investigated by the Bureau. These questions will be referred 
to the executive committee which will be called into session soon by Mr. Bleininger. 

The scope of this committee’s influence is limited to advisory consideration of 
problems. It has no standing or use beyond advisory tothe Bureau. It has no power of 
determination. Its activities are dictated and subject to call by the Bureau; it is a 
Bureau adjunct and not a self determining body. 
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CALENDER OF CONVENTIONS 


AMERICAN CERAMIC SOCIETY 


Summer Meeting 
Annual Meeting 
Amer. Assn. Advancement 
of Sci. 
Amer. Assn. Flint and Lime 
Glass Manuf., Inc. 
Amer. Chemical Society 
Amer. Electrochemical Society 
Amer. Engineering Council 
Amer. Foundrymen’s Assn. 
Amer. Gas. Assn. 
Amer. Institute 
Amer. Inst. Min. and Met. 
(General Meeting) 


Amer. Inst. Min. and Met. Engrs. 


(Annual Meeting) 
Amer. Mining Congress 
Amer. Soc. Mech. Engrs. 
Amer. Soc. for Steel Treating 
Assn. Sci. App. Makers 
Congress of Amer. Industry 
Glass Container Assn. 
The Gypsum Industries 
Hollow Building Tile Assn. 
Natl. Assn. of Mfrs. 

Natl. Assn. of Mfrs. of Pressed 
and Blown Glassware 
Natl. Exposition of Power and 

Mech. Eng. 


The Natural Gas Assn. of Amer. 


Natl. Safety Council 

Ohio Ceramic Industries Assn. 
Optical Society of America 
Stained Glass Assn. of Amer. 
Taylor Society 

The Sand-Lime Brick Assn. 


Aug. 30-Sept. 2, 1926 Philadelphia, Pa. 


Feb. 14-19, 1927 


Dec. 27, 1926—Jan. 1. 


1927 


July 19, 1926 
Sept. 6-11, 1926 
Oct. 7-9, 1926 
Jan. 1927 

Sept. 27, 1926 
Oct. 11-14, 1926 
Oct. 18-30, 1926 
Oct. 6-9. 1926 


Feb. 14-17, 1927 


Dec. 1926 

Sept. 27-30, 1926 
Sept. 20-24, 1926 
April, 1927 

Sept. 7-24, 1926 
April or May, 1927 
Dec. 1926 

Feb. 1927 

Oct. 20-22, 1926 


March 8, 1927 


Dec. 6-11, 1926 
May, 1927 

Oct. 1926 
Oct. 1926 

Oct. 21-23, 1926 
June 27, 1927 
Dec. 8-11, 1926 
Feb. 1-3, 1927 


Detroit, Mich. 


Philadelphia, Pa. 


Atlantic City, N. J. 
Philadelphia, Pa. 
Washington, D. C. 
Washington, D. C. 
Detroit, Mich. 
Atlantic City, N. J. 
New York City 
Pittsburgh, Pa. 


New York City 


Washington, D. C. 
Richmond, Va. 
Chicago, 
? 
Philadelphia, Pa. 
? 
Chicago, III. 
Chicago, III. 
New York City 


Pittsburgh, Pa. 


New York City 
Cincinnati, Ohio 
Detroit, Mich. 
Columbus, Ohio 
Philadelphia, Pa. 
St. Louis, Mo. 
New York City 
Detroit, Mich. 
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AMERICAN CERAMIC SOCIETY 


LARGE CANADIAN ENAMELING PLANT 
USING BATTERY OF 
U.S. ROTARY ENAMEL SMELTING FURNACES 


Te SHEET METAL PropuctTs Co. 


ToRonTo, Heveuber t2n4.1926 


The U.S.Smelting Purnace Co. 
Thi. 0.8.4 


Gentlemen: - 


Years of 


Please quote as om Linings for #4 B ° 
We have been using your Purnaces te Efficient Service 


very good advantage for some years now 


Proéucing very wnifore frite for our high grade Enameled 
Frits at a Saving 


Youre very truly, in Fuel, Labor 


THE SERBT METAL PRODUCTS CO. OF LINITED and Time 


A: Valuable 
Addition 


SIZES AND CAPACITIES 


No, 1 No. 2 No. 3 No. 4 No. 4-B 
60 Ib. 150 Ib. 350 Ib. 750 lb. 1200 lb. 


Description, Photographs, Specifications and Prices Mailed Promptly 


THE U. S. SMELTING FURNACE CoO. 


BELLEVILLE. ILLINOIS, U. S. A. 


— 
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Located in GEORGIA— 


You can serve the South’s 20 MILLION DOLLAR CHINA AND 


SANITARY WARE 


MARKET with a 40 PERCENT LOWER 


material assemblage and distribution cost—over a location at either of 
the principal northern ceramic products manufacturing centers! 


Facts About the South 
for the Manufacture of 


Floor and Wall Tile, China and 
Tableware. Electrical Porcelain, 
Sanitary Ware and Refractories. 


Raw Material Resources 


FELDSPAR—North Carolina pro 
duces nearly 50% of the country’s 
output. 

BALL CLAY—Kentucky and Ten- 
nessee produce 83% of the entire 
output of the country. 

KAOLIN OR CHINA CLAY— 
Georgia produces 40% of the en- 
tire output of the country. 
FLINT—Abundant supply in 
Georgia and Alabama. Not 
mined to any extent due to 
present lack of demand. 


Present Market for 
Ceramic Products 


Based on the consumption of 
twelve representative . Southern 
States, the present market for 
several ceramic products, in dol- 
lars, is as follows: China and 
Tableware, 12 million; Electrical 
Porcelain, 5 million; Floor and 
Wall Tile, 5 million; Sanitary 
Ware, 8 million; Refractory Brick 
and Shapes, 14 million. 


Future Market 


The South’s ever increasing build- 
ing operations promise to continue 
for many years to come, creating 
an increased and steady demand 
for all classes of ceramic prod- 
ucts. The South is carrying out 
an extensive expansion program. 
Contracts for elaborate Schools, 
Churches, Hotels and many other 
building operations are being 
awarded constantly. 


Low Building Material Costs 
The following figures are the 
average costs of building materials 
in Georgia—Common building 
brick $11 to $14 per thousand. 
Cement $3 per barrel. Crushed 
Stone $1.25 to $1.65 per ton. 
Lumber $24 to $60 per thousand 
feet. 


Favorable Labor and Fuel Costs 
Common labor costs run from 20 
to 40 cents per hour. Fuel oil 
at present ranges from 6% to 7% 
cents per gallon. Coal costs 
from $3.50 to $4.50 per ton. 
Hydro-electric power lines cover 
the western, middle and northern 
sections of Georgia. 


Constituting the South’s 
20 million dollar China 
and Sanitary Ware Mar- 
ket, are the following 
twelve states — North 
Carolina, South Carolina, 
Georgia, Florida, Ala- 
bama, Mississippi, Louisi- 
ana, Texas, Tennessee, 
Arkansas, Virginia and 
Kentucky. 


Within these states every 
raw material necessary 
for the manufacture of 
China and Sanitary Ware 
is available in abundance 
—particularly in Georgia. 


At present these raw ma- 
terials are being mined 
and shipped at long-haul 
freight rates to distant 
northern ceramic manu- 
facturing points to be 
shaped into finished prod- 
ucts. 


Of the South’s 20 million 
dollar China and Sanitary 
Ware Market, 95% is 
supplied by these north- 
ern manufacturing cen- 
ters! The South is actu- 
ally sending her raw ma- 
terials “out-of-town” to 
have her China and Sani- 
tary Ware needs made 
up for home consumption 
—yet from ideal locations 
in Georgia alone, some 
China and Sanitary Ware 


manufacturer could estab- 
lish a branch plant and 
serve the Southern mar- 
ket at a 40% lower raw 
material assemblage and 
distribution cost, as com- 
pared with the’ two 
Northern ceramic centers, 
with the exception of 
Virginia and Kentucky! 
Freight rates to Virginia 
and Kentucky, from the 
two locations in Georgia, 
compared with rates 
from the two Northern 
locations to Virginia and 
Kentucky, are about the 
same, 


A manufacturer located 
in Georgia enjoying the 
great saving of material 
assemblage and distribu 
tion costs would have lit- 
tle selling resistance from 
Northern competition. 
Truly, the South holds a 
future for you as a manu- 
facturer of China and 
Sanitary Ware. 


Our Industrial Depart- 
ment has compiled up-to- 
date facts as to markets, 
manufacturing costs, raw 
material resources, etc., 
which are available with- 
out obligation to inter- 
ested and_ responsible 
manufacturers contem- 
plating de-centralization 
of operations. 


Also request a copy of our 
“DIRECTORY OF COMMERCIAL MINERALS 
along the Central of Georgia Railway.” 


Central of Georgia Railway 


J. M. Mallory 
Gen’! Industrial Agent 


CENTRAL 
/GEORGIA 


233 West Broad St. 
Savannah, Ga. 


(When writing to advertisers, please mention the JOURNAL) 


| 
| 


AMERICAN CERAMIC SOCIETY 7 
BUYERS’ GUIDE 


A Bitstone 
Eureka Flint and Spar Co. 
Potters Supply Co. 


Agitators 
Cain Machine Co, 


Bituminous Coal 
: Seaboard Fuel Corp. 
Alumina (Hydrate and Calcined) 
Harshaw, Fuller & Goodwin Co. 
Pennsylvania Salt Mig. Co +? 
ssler 3 asslacl cl icz 
Roessler and Hasslacher vemica ) 
The Carborundum Co. 
Norton Co. 
Aloxite (Refractory Products Parker Russell Co. q 
The Co. The Massillon Refractories Co. (“Alumite 


Alundum (Refractory Products) 
Norton Co. Blunger Mills 
Cain Machine Co 


Auger Machines 
Chambers Brothers Co Boats, Combustion 
Norton Co. 


Automatic B ick Machinery 
Laneaster tron Works, Inc. 


Boras 
\merivcan Trona Corp 
Automatic Cutters Drakenfeld & Co., B. F 


Chambers Brothers Co. , — Speiden & Co. 


Automatic Stove Rooms 


: z Boric Acid (Crystal, Granular or Powder) 
Vhitadelphia Drying Machinery Co. 


American Trona Corp 
Drakenfeld and Co., B. F. 
Innis, Speiden & Co 
Automatic Temperature Control 

Engelhard, Chas., Inc 

Leeds & Northrup Co 
Brick (Porcelain) 

Alsing, 7. R. Eng. Co 


B Brick Making Machinery 
Chambers Brothers Co. 
Balls (Mill) 
Alsing, J. R. Eng. Co. 
Bricks (Refractory) 


The Carborundum Co. (“Carbofrax 

Ball Mills Alosxite’’) 
Alsing, J. R. Eng. Co. Norton Co Alundum-Crystolon’’) 


Parker Russell Co. 
McDanel Refrac. Porcelain Co. arker Russell Co 


Mueller Machine Co., Inc. 


‘ Bricks (High Aluminous—Electrically Sintered 
Batts" Aluminum Oxide—Silicon Carbide) 
The Carborundum Co. (“Carbofrax The Massillon Refractories Co. (“Alumite”’) 


Aloxite’’) ». Russ 
Norton Co. (“Alundum-Crystolon’’) Parker ussell Co. 


Bench Whirlers Burners (Oil) 
Cain Machine Co. Best, W. N. Corp. 
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COAL FACT 


: 


> 


24,029,823 Tons of 
Bituminous Coal. 


consumed in one year by a 
single Industrial Group 


The Census Bureau shows that the i } 
Stone, Clay and Glass Products Indus- 12 : 
try consumed 24,029,823 tons of Bitu- Ws ; 
minous Coal in one year. 


This tonnage consumption of soft coal 
was only exceeded by two other 


groups of Industry, i.e., Chemicals and 
Allied Products, and Iron & Steel. 


We are proud to have sold “our share” of 
this tremendous total and we derive a good 
deal of satisfaction from knowledge of the 
fact that all coal sold by us to Ceramists 
and Potters, was— 


LOW IN ASH, SULPHUR AND 
VOLATILE,—OF HIGH FUSION POINT, 
AND NON-CLINKERING 


“No ] 

South Broad St. Broadway 

Philadelphia CS New York City 
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AMERICAN CERAMIC SOCIETY 9 
BUYERS’ GUIDE (continued) 


C United Clay Mines Corp. 
Vitro Mfg. Co. 


Cars (Clay) 


Lancaster Iron Works, Inc. 


Clay (Fire) 
Edgar Brothers Co. 
Carbofrax (Refractory Products) Paper Makers Importing Co., (Inc.) 
The Carborundum Co, Parker Russell Co. 


Potters Supply Co. 
The Massillon Refractories Co. (‘“Alumite’’) 
‘ United Clay Mines Corp. 
Carbonates (Barium-Lead) 
Innis, Speiden & Co. 


Clay (Potters) 
Makers Importing Co. 


Caustic Soda Salt Mfe. C Spinks Clay Co. 
Pennsylvania Salt Mfg. Co. The Massillon Refractories Co. (““Alumite”) 


United Clay Mines Corp. 


Cements 
The Carborundum Co. 
Norton Co. 
Parker Russell Co. Clay Co. 


Paper Makers Importing Co., (Inc.) 
Parker Russell Co. 
Ceramic Chemicals Potters Supply Co. 
pinks Clay Co., H. 
Co. The Massillon Refractories Co. (“‘Alumite’’) 
Metal & Thermit Corp. United Clay Mines Corp. 
Paper Makers Importing Co., (Inc.) 
Roessler and Hasslacher Chemical Co. 


Titanium Alloy Mfg. Co. Cla 
4 y Cleaning Machinery 
Vitro Mfg. Co. Lancaster Iron Works, Inc. 
Ceramic Plant Equipment 
Clay Handling Machinery 
"Medias Oa. Hadfield-Penfield Steel Co. 


c : 
Philadelphia Drying Machinery Co. Mueller Machine Co.; (Inc.) 


Proctor and Schwartz, Inc. 


Clay Miners 
Clay (Ball) Edgar Brothers Co. 
Harshaw, Fuller & Goodwin Co. Paper Makers Importing Co., (Inc.) 
Paper Makers Importing Co. Spinks Clay Co., H. C. 
Potters Supply Co. The Massillon Refractories Co. (“Alumite’’) 
Spinks Clay Co., H., c. Parker Russell Co. 
United Clay Mines Corp. United Clay Mines Corp. 


and B. F. Clay Storage Systems 
Edgar Brothers Co. Lancaster Iron Works, Inc. 


Harshaw, Fuller & Goodwin Co. 
Paper Makers Importing Co., (Inc.) 
Roessler & Hasslacher Chemical Co. Clay (Wad) 
United Clay Mines Corp. Paper Makers Importing Co., (Inc.) 
Potters Supply Co. 
— Clay Co., H. C. 
nited Clay Mines Corp. 
Clay (Electrical—Porcelain) 
dgar Brothers Co. 
Harshaw, Fuller & Goodwin Co. 


Paper Makers Importing Co., (Inc.) cl Wall Til 
Spinks Clay Co., H. C. ay (Wa ile) 
United Clay Mines Corp. papers Co., (Inc.) 


United Clay Mines Corp. 


Clay (Enamel) 
Edgar Brothers Co. 
Paper Makers Importing Co. Cay} Washing Machinery 
Metal & Thermit Corp. Mueller Machine Co., Ine. 
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IN THE MACON 


PRIMARY ZONE 
—A BUYING 
POPULATION 
OF 21,589.000 


Would — 
You bea a 
Preferred 


Manufacturer ina Nine 
Million Dollar Market? 


LATEST government reports show that ten Southeastern States 
consumed $9,600,000 worth of tableware in 1924. Estimates 
for 1925 are even higher. 


These ten states constitute an important sector of the national 
market—and they are the “home” market for the tableware manu- 
facturer who locates a plant in Georgia. 

Here are a few comparative freight rates to leading Southeastern 
markets. What greater advantage could you desire in selling such 
markets, all other things being equal—as they are. 


The confidential inquiry of tableware manufacturers is solicited 
in order that we may put the full facts before them. 


Compare these Freight Rates 
From From East From 
TO Macon Liverpool Trenton 
Table Ware Table Ware Table Ware 
36 1.08 -97 
Jacksonville, Fla......... 50% 1.01% -91 
Chattanooga, Tenn....... .52 .84 .97 
Nashville, Tenn.......... -61 81% .98 
Memphis, Tenn.......... 717% .84 1.05% 
Birmingham, Ala. ....... 52 1.02 1.02 
Columbus, Miss.......... 68% 1.01 1.05% 
Meridan, Miss........... -66% 1.13 1.05% 
New Orleans, La........ -76 1.10% 1.14 
Chamber of Commerce 


MACON ~ GEORGIA 


New industries are allowed 5 years exemption from taxes 
in Macon and Bibb Counties 


(When writing to advertisers, please mention the JOURNAL) 
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BUYER’S GUIDE (continued) 


Clay | Machinery 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


Cloth (wire) 
Newark Wire Cloth Co. 


Coal-( Bituminous) — 
Seaboard Fuel Corp. 


Cobalt Oxide 


Drakenfeld and Co., B. F. 
Colors 
Drakenfeld and Co., B. F. 


Harshaw, Fuller and Goodwin Co. 
Innis, Speiden & Co. 

Roessler and Hasslacher Chemical Co 
Vitro Mfg. Co. 


Conditioning Machinery 
Philadelphia Drying Machinery Co. 
Proctor & Schwartz, Inc. 


Cones (Filter) 
Norton Co. 


Conveyors (Belt Cable) 
Lancaster Iron Works, Inc. 


Conveyors (Clay, Sand, Brick, etc.) 
Hadfield-Penfield Steel Co. 
Philadelphia Drying Machinery Co. 
Mueller Machine Co., Inc. 


Controllers (Automatic Temperatures) 
Engelhard, Charles, Inc. 
Leeds & Northrup Co. 


Cores (Alundum Furnace) 
Norton o. 


Cornwall Stone 
Eureka Flint and Spar Co. 
Harshaw, Fuller & Goodwin Co. 
Pennsylvania Pulverizing Co. 
Roessler and Hasslacher Chemical Co. 


Crucibles (Filter-Melting-Ignition) 
orton Co. 
Potters Supply Co. 
The Massillon Refractories Co. (“Alumite’’) 


Crushers 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 
Lancaster Iron Works, Inc. 
Mueller Machine Co., Inc. 


D 


Decorating Supplies 
Drakenfeld and Co., B. F. 
Roessler and Hasslacher Chemical Co. 
Vitro Mfg. Co. 


Decorating Kilns 
Holcroft & Co. 


Discs (Alundum-Porous-Filter) 
Norton Co. 


Dishes (Alundum-Filtering-Ignition) 
Norton Co. 


Disintegrators 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 
Lancaster Iron Works, Inc. 
Mueller Machine Co., Inc. 


Dolomite 
lnnis, 


Speiden & Co. 


Dryers (China Ware—Porcelain) 
Philadelphia Drying Machinery Co. 
Proctor and Schwartz, Inc. 


(Steam Pipe Rack) 
Works, Inc. 


Dryers 
Lancaster Iron 


Drying Machinery 
Philadelphia Drying Machinery Co 
Proctor: and Schwartz, Inc. 


Dust Mills 
Cain Machine Co. 


E 


Electrical Instruments 
Engelhard, Charles, Inc. 
Leeds & Northrup Co. 


Electric CO, Meters (Recorders) 
Engelhard, Chas., Inc. 


Electrical Porcelain Machinery 
Mueller Machine Co., Inc. 


Complete 
hicago Vitreous Enamel Product Co. 
Fors Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 


(When writing to advertisers, please mention the JOURNAL) 
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Your Payroll and 


Your Profits 


You perhaps know about the employer 
who dismissed his best piece-work laborer 
because “he made too much money”. 


Foolish as it may sound, that has actu- 
ally happened. 


Man to man now—would you shut a 
good worker from your plant for such 
a reason? 


But perhaps you are doing that very thing. 
Unknowingly, of course . . . Let us see. 


What type of fuel do you use? And have 
you considered gas? 


True, gas may cost more—but it does so 
much more, and does it so much better, 
that it really costs you less in the end. 


Some interesting facts are brought 


out in our new book, “Gas—The Ideal 
Factory Fuel.” 


Write for a copy today—no charge 


American Gas Association 
342 Madison Avenue :: New York City 


YOU CAN DO IT BETTER WITH GAS 


Four Advantages 
of Gas 


Dependable— 
any time, any place, 
any quantity. 


Controllable— 
exact temperatures, 
nutomatically can- 
trolled. 


Economical— 
lowest final cost per 
unit of production. 


Clean— 
comfortable factory 
working conditions. 


(When writing to advertisers, please mention the JOURNAL) 
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Enameling Furnaces 
hicago Vitreous Enamel Product Co. 
Ferro Enamel Supply Co. 
Holcroft & Co. 
Parker Russell Co. 
The Carborundum Co. (Carboradiant) 
The Massillon Refractories Co. (““Alumite’’) 
The Porcelain Enamel & Mfg. Co. 
U. S. Smelting Furnace Co. 
Vitro Mfg. Co. 


Enameling Muffies 
Parker Russell Co. 
The Carborundum Co. (Carbofrar) 
The Massillon Refractories Co. (‘‘“Alumite’’) 


Enameling, Practical Service 
Chicago Vitreous oy Product Co. 
Ferro Enamel Supply 
The Porcelain a & Mfg. Co 
Vitro Mfg. Co. 


Enamels, Porcelain 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Engineering Service 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 
Parker Russell Co. 


Equipment (Porcelain Enameling) 
Chicago Vitreous Enamel Product Co 
Ferro Enamel Supply Co 
The Porcelain Enamel & Mfg. Co. 


Extruding Machines (Lab. Use) 
Chambers Brothers Co. 


Feldspar 
ureka Flint and Spar Co. 
Harshaw, Fuller and Goodwin Co. 
Innis, Speiden & Co. (Isco) 
Pennsylvania Pulverizing Co. 
Roessler & Hasslacher Chemical Co. 


Filtering Machinery 


Mueller Machine Co., Inc. 


Filter Presses 
Cain Machine Co. 


Fire Brick 
Parker Russell Co. 
The Carborundum Co. 
The Massillon Refractories Co. (“Alumite’’) 


Flint 
re Flint and Spar Co. 


Harshaw, hong & Goodwin Co. 
Innis, Speiden & Co. (Carrara) 
National Silica Co. 


Pennsylvania Pulverizing Co. 
Roessler and Hasslacher Chemical Co. 


Flint Pebbles 
Alsing, J. R. Eng. Co. 
Eureka Flint and Spar Co. 


Frit 
Porcelain Enamel & Supply Co 
Vitro Mfg. Co. 


Fuel 
Seaboard Fuel Corp. 


Furnaces 
Chicago Vitrous Enamel Product Co. 
Ferro Enamel Supply Co 
Holcroft & Co. 
Parker Russell Co. 
The Carborundum Co. (Carboradiant) 
The Porcelain Enamel & Mfg. Co. 
U. S. Smelting Furnace Co. 


Furnaces (Electrical) 
Engelhard Chas., 
Holcroft & Co. 


Inc. 


Furnaces (All Types) 
The Massillon Refractories Co 
Parker Russell Co 


G 


Glazes and Enamels 
Chicago Vitreous Enamel Product Co. 
Drakenfeld & Co., F. 
Ferro Enamel Supply Co. 
Harshaw, Fuller and Goodwin Co. 
Roessler and Hasslacher Chemical Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mig. Co. 


Glaze Spar 
Eureka Flint and Spar Co. 


Granulators 
Lancaster Iron Works, Inc. 


Gold 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Roessler and Hasslacher Chemica! Co. 
Vitro Mfg. Co. 


Grinding Pans 
Cain Machine Co. 
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f For Better and Cheaper \ 


Protection for Firebrick Settings 


CARBOPLASTIC CEMENT inherits its refractory prop- —- 
erties from Carborundum—its chief ingredient—and that is 
why it is so highly resistant to high temperatures and to the 
abrasive action of flame. 

Carboplastic air sets with a strong bond. It offers far greater 
protection—stands up longer than the best grades of fire clay. 


You simply mix it with water to the proper consistency for use. 


It offers a protective coating for new brickwork or old. It can 
be used for patching and for making general repairs of the 
brickwork of any high temperature installation. 


A Carboplastic Cement should be applied with the “Carbo- 


plastic” Gun to get best results. 


THE “CARBOPLASTIC” GUN is the handiest, the 
simplest and most effective device yet offered for the spray 
coating of cement. 

It is truly a one-man gun —a single valve operates it—there are 
no parts to get out of order—no cumbersome equipment. 
You simply connect it to a high pressure steam or air line and 
suck the Carboplastic Cement mixture from an ordinary open 
bucket. With 100 pounds pressure it will spray at a distance 
of fourteen feet. 


Because it is so light and so simply constructed the Carbo- 
plastic Gun can be used in getting at out of the way places to 
far better advantage. 


It’s a Great Gun for a Great Cement — 


CARBOPLASTIC 


Carboplastic Cement 
applied with the 
“Carboplastic” Gun 


THE CARBORUNDUM 
COMPANY 
PERTH AMBOY, N. J. 


New York : Chicago : Cleveland 
Pittsburgh : Philadelphia 


Refractory Products Company 
Chicago, Il. 
Abrasive Machine & Supply Co. 
Newark, N. J. 
Christy Firebrick Company 
St. Louis, Mo. 
Williams & Wilson, Ltd. 
Montreal and Toronto 
Harrison & Company, Salt Lake City, Utah 
Pacific Abrasive Supply Company, San Francisco and Los Angeles, Cal. 
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BUYERS’ GUIDE (continued) 


H M 


Hearths Magnesite 
The Carborundum Co. | Drakenfeld & Co., B. F. 
(Carbofrax heat treating) Harshaw, Fuller & Goodwin Co. 
Hearths (High Aluminous Clay—Electrically Innis, Speiden & Co. 
Sintered Aluminum Oxide—Silicon Car- 
bide) M 
The Carborundum Co. Srakenfeld & Co.. B. F. 
The Massillon Refractories Co. (“Alumite’’) Harshaw, Fuller & Goodwin Co. 
Parker Russell Co. Hy- Grade Manganese Co. 
Hygrometers (Electric) Roessler and Hasslacher Chemical Co. 


Engelhard, Chas., Inc. 


Metals (Porcelain Enameling) 

American Rolling Mill Co. 
I The Mansfield Sheet & Tin Plate Co. 
Impervite (Refractory and Hard Porcelain) United Alloy Steel Corp. 
Engelhard, Charles, Inc. Mills (Pebble-Tube) 


Infusorial Earth Alsing, J. R. Eng. Co. 
Innis, Speiden & Co. 

Iron (Enameling) Minerals 
American Rolling Mill Co. Drakenfeld and Co., B. F. 

The Mansfield Sheet & Tin Plate Co. Harshaw, Fuller and Goodwin Co. 
United Alloy Steel Corp. Roessler and Hasslacher Chemical Co. 
Vitro Mfg. Co. 
J Mixing Machines 
Jiggers Chambers Brothers Co. 
Cain Machine Co. 
Hadfield-Penfield Steel Co. Molds (Brick) 
Mueller Machine Co., Inc. Lancaster Iron Works, Inc. 
K Muffiles (Furnace) 
Norton Co. 

Kaolin The Carborundum Co. (Carbofrar) 
Edgar Plastic Kaolin Co. The Massillon Refractories Co. (“Alumite’’) 
Harshaw, Fuller and Goodwin Co. Parker Russell Co. 

Roessler & Hasslacher Chemical Co. 
United Clay Mines Corp. Muriatic Acid 
; : : Harshaw Fuller and Goodwin Co. 

F Pennsylvania Salt Mfg. Co. 
Roessler and Hasslacher Chemical Co. 

Kiln Castings N 


Lancaster Iron Works, Inc. 

Nitrates (Cobalt, Sodium) 
Harshaw, Fuller & Goodwin Co. 
Innis, Speiden & Co. 


Kilns (China-Decorating) 
Drakenfeld & Co., B 


The Massillon Ref: ‘actories Co. (‘‘Alumite’’) 
Kryolith 
Harshaw, Fuller & Goodwin Co. O 
Pennsylvania Salt Mfg. Co. 
Roessler and Hasslacher Chemical Co Oil Burners 


Best, W. N. Corp. 


L Opacifiers 
Lathes Harshaw, Fuller & Goodwin Co. 
Cain Machine Co. Titanium Alloy Mfg. Co. 


Lehrs (High Aluminous Clay—Electrically 
Sintered Aluminum Oxide—Silicon Car- Operators (Coal) 


bide) Seaboard Fuel Corp. 
The Massillon Refractories Co. (‘‘Alumite’’) 
The Carborundum Co. Oxides 
Drakenfeld and Co., B. F. 
Linings (Furnace-Refractory Block-Refractory Harshaw, Fuller and Goodwin Co. 
Plate, Brick and Tile) Innis, Speiden & Co. 
Alsing, J. R. Eng. Co. Metal & Thermit Corp. 
Norton Co. Paper Makers Importing Co., (Inc.) 
The Carborundum Co. Pennsylvania Salt Mfg. Co. 
Roessler and Bessiedier Chemical Co. 
Liners Wheels Titanium Alloy Mfg. Co. 
Cain Machine Co. Vitro Mfg. Co. 
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Founded 1869 


B. F. DRAKENFELD & CO., Inc. 7 


50 Murray Street, New York 2 


Chemicals for Glass Decolorization 


GLOBE 
DECOLORIZING COMPOUNDS 


No. 1 Standard (with Cobalt) 
No. 2 Special (without Cobalt) 


Efficient — Economical — Reliable 


SELENIUM—SODIUM SELENITE 


COBALT OXIDE—POWDER BLUE 


E. J. LAVINO & CO’S 
CAUCASIAN 
MANGANESE DIOXIDE 


Powdered—Granular—Pea Size 
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BUYERS’ GUIDE (continued) 


Pans (Wet and 
Chambers Brothers 
Hadfield- Penfield Steal “Co. 
Mueller Machine Co., Inc. 


Pebble Mills 
Alsing, J. R. Co. 
Hadfield- "Steel Co. 
Mueller Machine Co., Inc. 


Pins 
Potters Supply Co. 


Placing Sand 
Eureka Flint and Spar Co. 
Pennsylvania Pulverizing Co. 
National Silica Co. 
United Clay Mines Corp. 


Plate Feeders 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 


Plates (Filter) 
orton Co. 


Porcelain Balls 
Alsing, J. R. Eng. Co. 


Porcelain Brick 
Alsing, J. R. Eng. Co. 


Porcelain Enameling Service, Practical 
icago Vitreous Enamel Product Co. 
Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Porcelain Enamels 


hicago Vitreous Enamel Product Co. 


Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Porcelain Presses 
Cain Machine Co. 


Porcelain Dies 
Cain Machine Co. 


Potash (Carbonate) 
Innis, Speiden & Co. 


Pottery Machinery 
Cain Machine Co. 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


Printing Machines 
Cain Machine Co. 


Pug Mills 

Cain Machine Co. 

Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 
Lancaster Iron Works, Inc. 
Mueller Machine Co., Ine. 


Pulverizing Machinery 
Alsing, J. R. Eng. Co. 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


Pulverizing 
Alsing, J. 
Hadfield- Benfield el Co. 
Mueller Machine Co., Inc. 


Pumps 
Cain Machine Co. 
Mueller Machine Co., Inc. 


Pyrometers (Indicating) 
Engelhard Chas., Inc. 
Leeds & & Northrup Co. 


Pyrometers (Recording) 
Englehard Chas., Inc. 
Leeds & Northrup Co. 


Pyrometer (Switches) 
Engelhard, Chas., Inc. 
Leeds & Northrup Coe. 


Pyrometer Tubes 
Porcelain) 
Engelhard, Charles, Inc. 
Leeds & Northrup Co. 
McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co 
The Massillon Refractories Co. (“Alumite’’) 


(Refractory and Hard 


R 


Recording Instruments 
Charles, Inc. 
eeds Northrup Co. 


Refractories 
The Massillon Refractories Co. (“Alumite’’) 
The Carborundum Co. 
Norton Co. 
Parker Russell Co. 
United Clay Mines Corp. 


Refractory Materials 
Parker Russell Co. 
The Massillon Refractories Co. 
United Clay Mines Corp. 


(“Alumite’’) 


Regulators (Automatic Temperatures) 
Engelhard, Charles, Inc. 
Leeds & Northrup Co. 


S 


Saggers 
The Carborundum Co. 
Norton Company 
Potters Supply Co. 


Sagger Presses 
Chambers Brothers Co. 
Hadfield-Penfield Co. 
Mueller Machine Co., Inc. 
Watson-Stillman Co. 
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Are You Using Refractories Suited 
to Your Operating Conditions? 


EFRACTORIES: “Materials of 
construction whose major pur- 
pose is the confinement or transfer 


of heat.” 


It is immediately obvious that in 
performing such service refractory 
materials must be chosen with refer- 
ence to chemical and mechanical 


properties as well as conductivity. 


If fire clay or other common refrac- 
tory materials do not completely 
meet your needs let us prescribe 
Alundum (fused alumina), Crysto- 
lon (silicon carbide) or fused mag- 


nesia refractories. 


NORTON COMPANY, WORCESTER, MASS 


R-267B 


Above: Group of Alun- 
dum Saggers. Right: 
Group of Alundum 
Bricks and Kiln 
Shapes. 


NORTON REFRACTORIES 
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Screens 
Newark Wire Cloth Co. 


Selenite of Sodium 
Drakenfeld and Co., B. F. 
Harshaw, Fuller & Goodwin Co. 
Vitro Mig. C Co. 


Selenium 


Drakenfeld & Co., B. F. 


Shippers (Coal) 
Fuel Corp. 


Sifters 
Cain Machine Co. 
Silex Blocks 
Alsing, J. R. Eng. Co 


Silica Blocks 
Eureka Flint and Spar Co. 
Parker Russell Co. 


Silica Brick 
Parker Russell Co. 


Sillimanite (Synthetic) 
Yorton Co. 


Slabs (Furnace) 
he Carborundum Co. 
Norton Co. 
Parker Russell Co. 


Smelters 
Chicago Vitreous Enamel Product Co. 
Parker Russell Co. 


The Massillon Refractories Co. (“Alumite’’) 
U. S. Smelting Furnace Co. 
Soda Ash 
Harshaw, Fuller & irri Co. 
Innis, Speiden 


Roessler and ‘he Chemical Co. 


Sodium Antimonate 
Harshaw, Fuller & Goodwin Co. 
Metal & Thermit Corporation 
Vitro Mfg. Co. 
Roessler and Hasslacher Chemical Co. 


Sodium Fluoride 
Harshaw, Fuller & Goodwin Co. 
Innis, Speiden & Co. 
Roessler and Hasslacher Chemical Co. 


Spar 
Eureka Flint and Spar Co. 
Harshaw, Fuller & Goodwin Co. 
Pennsylvania Pulverizing Co. 
Roessler and Hasslacher Chemical Co. 


Spurs 
Potters Supply Co. 


Stacks 
Lancaster Iron Works; Inc. 


Stilts 
Potters Supply Co. 


Sulphuric Acid 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and ; Co. 
Pennsylvania Salt Mf. 
Roessler and Hassla - Chemical Co. 


Talc 
Harshaw, Fuller & Goodwin Co. 
Innis, Speiden 0. 
Roessler and Hasslacher Chemical Co. 


Tanks 
Lancaster Iron Works, Inc. 


rature Instruments (Measuring) 
Engelhard, Charles, Inc. 
Leed & Northrup Co. 


Tem 


Thermocouples 
Engelhard, Chas., Inc. 
Leeds & Northrup Co. 


Thermometers (Electric Resistance) 
Engelhard, Charles, Inc. 
Leeds & Northrup Co. 


Thimbles (Filtering Extraction) 
Norton Co. 


Tile (Refractory) 
The Carborundum Co. 
Parker Russell Co. 


(Carbofrax) 


Tile Machinery (Floor and Wall) 
Mueller Machine Co., Inc. 


Tin Oxide 
Drakenfeld & Co., B. F. | 
Harshaw, Fuller & Goodwin Co. 


Metal & Thermit Corp. ; 
Roessler and Hasslacher Chemical Co. 


Titanium 
Titanium Alloy Mfg. Co. 


Tubes (Insulating) 
Engelhard, Chas., Inc. 
McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. 


Tubes (Pyrometer) 
Engelhard, Charles, Inc. 
Leeds & Northrup Co. 
McDaniel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. P 
The Massillon Refractories Co. (“Alumite”’) 
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Miners, [MporTERS AND PULVERIZERS 


Pure English Cornwall Stone Eureka #1 Feldspar 


French Flint Connecticut Feldspar 
French Placing Flint New Hampshire Feldspar 
American Rock Flint New York Feldspar 
American Sand Flint Carolina Feldspar 


Eureka Specially Selected Glaze Spar has been famous 
for Twenty Years for its Brilliant Lustre 


EUREKA FLINT & SPAR CO. 


Trenton-—- New Jersey 


Suppose all we young fellows swore off shaving for life—what a fine look- 
ing race we’d be. But you have got to hand it to whiskers, they are the 
nearest thing to perpetual motion we have, month in and month out— 
never failing us for even a day. 


A lot of Ceramic manufacturers feel the same way about 


EDGAR. CLAYS 


using them year after year because they are assured of QUALITY, 
UNIFORMITY and PRICE. Another thing, they are always as repre- 
sente 


In this Country and Abroad 


“ALUMITE?” Refractories 


are daily increasing profits by reducing furnace maintenance costs 
and eliminating production interruptions. 


MAY WE ASSIST YOU? 
Send for Bulletins Nos. 21 & 22 


The Massillon Refractories Co. 


(Founded by W. G. Hipp) 
MASSILLON, OHIO 
On the Lincoln Highway—Convenient for Truck Delivery 


(When writing to advertisers, please mention the JOURNAL) 
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V Innis, Speiden & Co. 
Roessler and Hasslacher Chemical Co. 
Vacuum Pumps 
Mueller Machine Co., Inc. 
Winding Drums 
Lancaster Iron Works, Inc. 


Witherite 
Wad Mills ; Harshaw, Fuller & Goodwin Co. 
Cain Machine Co. Innis, Speiden & Co. 
Wet Enamel 
Chicago Vitreous Enamel Product Co. 
The Porcelain Enamel & Mfg. Co. Z 
Vitro Mfg. Co. 
Zirconia 
Whiting Roessler and Hasslacher Chemical Co 
Daekenfeld and Co., B. F. Titanium Alloy Mfg. Co. 
Harshaw, Fuller and Goodwin Co. Vitro Mfg. Co. 


GREENLAND KRYOLITH 


NATRONA HYDRATE and OXIDE ALUMINA 


Executive Offices: Works: Philadelphia and Natrona, Pa. Representatives : 


PENNSYLVANIA SALT MANUFACTURING COMPANY 


Philadelphia, Pa. Wyandotte and Menominee, Mich. Pittsburgh St. Louis 
New York Chicago 


BALL H. C. SPINKS CLAY Co. 
SAGGER CLAY NEWPORT, KY. 


MINERS and SHIPPERS 
WAD Write for samples 
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DRYING 
MACHINERY 


for all 
Clay Products 


Electrical Porcelain 
Sanitary Ware 
General Ware in Molds 
Dipped General Ware 
Clay Rolls : Spark Plugs 
Saggers : Tile 
Refractories : Brick 
Chemical Stoneware 


PROCTOR & SCHWARTZ, 


PHILADELPHIA, PA. 
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ALPHABETICAL LIST OF ADVERTISERS 


Chicago Vitreous Enamel Product Co........... : 33 
Journal of the Society of Glass Technology.... 24 
Montgomery Prodacte “Ce... 28 
Paper Makers Importing Co. Inc.)........... 34 
Pennsylvania Salt Mfg. 21 
Porcelain Enamel & Mfg. Pes .. Inside Back Cover 
Roessler and Hasslacher Chemical Co..........ceeeeeescececeeeeteenees Inside Front Cover 
Spinks, H. C. Clay 21 
Titanium Alloy Mig. 4 
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CLASSIFIED ADVERTISING 


The Cost of 
JOURNAL Classified Ads 
IS 
$1.00 for 35 Words 


Exclusive of Address 


3¢ for Each Additional Word 


The Journal of the Society of Glass Technology 


A quarterly Journal containing original papers and abstracts 
of papers covering the whole field of Glass Technology. 
ANNUAL SUBSCRIPTIONS TO SOCIETY (Including Journal) 


Price per volume (unbound) to non-Members...........0ccceccecccccceccccecsees 9.00 


Forms of application for membership may be obtained from the American Treasurer of the 
Society, Mr. Wm. M. Clark, Ph.B., Nela Park, Cleveland, Ohio. 


Address orders and inquiries to: The Secretary, Society of Glass Technology, The Uni- 
versity, Sheffield, England. 
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Cera- 


mists 
the 


world over in- 
sist on Newark 
Wire Cloth because 
they know that by specify 
ing “NEWARK” they obtain 
the utmost in ACCURACY. Accu- 
racy, with us, always comes first. 
Every square inch of “NEWARK” Wire 
Cloth leaving our factory carries with it an AB- 
SOLUTE GUARANTEE whether made of alumi 
num, brass, or any other metal. 

If you haven’t already received a copy of our latest catalog, 
shown above, we will gladly send you one. Ask for Catalog No. 25. 


Newark Wire Cloth Co. 
355-369 Verona Ave. Newark, N. J. 
Branch Office 


66 Hamilton St., Cambridge, Mass. 


CLAY MACHINERY! 


SAGGER ROOM SLIP HOUSE GRINDING ROOM 
Grog Pans Blungers Clay Crackers 
Pug Mills Agitators Pulverizers 
Sagger Presses Lawns Cage Grinders 
Wad Mills Pumps Dust Screens 
Grog Screens Filter Presses Pebble Mills 
PRESS ROOM GREEN ROOM GLAZE ROOM 
Tile Presses Jiggers Glaze Mills 
Faience Presses Pull Downs Agitators 
Porcelain Presses Cleaning Wheels Lawns 

Dies & Equipment Batting Machines Pumps 


THE MUELLER MACHINE CO. 


TRENTON, N. J. 


(When writing to advertisers, please mention the JOURNAL) 
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PROFESSIONAL 
DIRECTORY 
Frank A. Hall has joined the 
Dempsey Furnace Division of ’ 
the W. N. Best Corporation, 
THE SHARP-SCHURTZ CO. 11 Broadway, New York City. 


: : Mr. Hall has been active for 
Chemists for the Ceramic Industry the past five years in indus- 1 
We have fully equipped laboratories at work in 
: phia. rior to entering the 
Lancaster, Ohio, U. S. A. industrial furnace field he was 
engaged in metallurgical work 
for Wright-Martin Aircraft, 
Driver-Harris and the New 


T. W. GARVE Jersey Tube Co. 
ENGINEERING 
Twenty Years’ Experience in the Clay 
Industries The Ferro organization con- 
513 Schultz Bldg. sisting of Messrs. Bob 
Columbus, Ohio Weaver, J. C. Weaver, Brooks, 


Mavor, Williams, Ebright, 
Cushman, Hart, Hale, Rumer, 
Kreager Tuthill, McFadon, 
Market, Henry and Luebbert 
are the ones responsible for 
the quality of enameled parts 
produced in this -country by 
that company. Eight of the 
men have been foremen or 
superintendents of good enam- 
eling plants, so they know 
Ou Can the practical end of the busi- 
ness thoroly. Four are grad- 
Uus e uates of ceramic’ schools, 
three have graduated in 


this Space to chemical engineering, so that 


all in all the organization is 


advan tag e well balanced in having both 


practical and technical men. 


The Ferro Research Depart- 
ment has made great progress 
in developing new and better 
enamels, and will announce in 
the very near future some 
American Ceramic Society which, will be 

2525 N. High Street of great interest to the entire 

0. enameling industry. 


Design, Construction, Operation, Efficiency 


Mr. W. E. Mize of Cleveland, Ohio, 
is now representing the Hickory Ball 
Clay Company, Mayfield, Ky., pro- 
ducers of Kentucky ball clays, sag- 
ger clays and . - grade Mississippi 
refractory fire clays for glass pots, 
grinding wheels and crucibles. 
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THE PARKER RUSSELL CO. 


ST. LOUIS 


BUILDERS OF 
RO-MACK Enameling Furnaces 
HIGH TEMPERATURE FURNACES 
For all Purposes 


HIGH GRADE REFRACTORIES 


TRaoe 


Pyrometer Tubes—Protection Tubes—Combustion Tubes 


McDanel Refractory Porcelain Company 
Beaver Falls, Pennsylvania 


UNUSUAL - SHAPES - OUR - SPECIALTY 


HIGH GRADE 


CLAYS 


OF EVERY KIND—FOR EVERY PURPOSE 
UNITED CLAY MINES CORPORATION TRENTON, N. J. 


Continuous Tunnel Kilns Vitreous Enameling Furnaces 


HOLCROFT & CO. 
6545 Epworth Blvd. Detroit, Mich. 


We are manufacturers of 


POTTERY and CERAMIC 


machinery 
Please let us know your requirements 


The Cain Machine Co. East Liverpool, Ohio 


USE “HY-GRADE” MANGANESE 


for surface and body coloring. We pay special attention to our 
200 mesh powder that will not “Cat Eye” in glazes. 

We mine and very carefully prepare every pound of our own 
product. 


HY-GRADE MANGANESE COMPANY, Inc. 
WOODSTOCK, VIRGINIA 


(When writing to advertisers, please mention the JOURNAL) 


= 


JOURNAL OF THE 


If you want pyrometer protection tube satisfaction 
USE 


Montgomery Hard Porcelain Pyrometer Tubes 


All Sizes and Lengths for either Platinum or Base Metal Couples 


The Best Liked and Most Largely Used 
Protection Tubes on the Market today 


If the manufacturer of your pyrometer equipment cannot supply 


you, write us direct. TRADE MARK 
MONTGOMERY PORCELAIN PRODUCTS CoO. 
FRANKLIN, OHIO, U. S. A. 10-22 


Brick Making Machines 


Crushers Grinders Mixers 


Automatic Cutters 


Chambers Bros. Co. 
Philadelphia Pennsylvania 


at 
LOWER COST 


These Machines press 
saggers from solid 
wads of clay. Our 
sagger dies have no 
joints to work loose 
or open under pres- 
sure; this insures a 
homogeneous product 
and reduces to a mini- 
mum the losses in fir- 
ing. 

Write for Bulletins 
and full information 


an THE WATSON-STILLMAN CO. 

Showing a 50 Ton Sagger Press 108 Washington Street, NEW YORK 

Outfit Completely equipped with Blvd. 

Philadelphia, Widener Bldg. 

dies for making Elliptical Saggers. Cleveland, Auditorium Garage Bldg. 
Detroit, 7752 DuBoise St. 


r 
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Careful Selection of Raw Materials 


Care and Skill in Manufacture 
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Quality— The First Consideration 


UGE rolls of the blooming 
mill reduce the reheated 


Tonean ingot to a long piece of 
iron called a “bloom.” It then 
passes to the bar mill where it is 
reduced by successive rollings to 
a long bar of proper width and 
thickness to produce enameling 
sheets. 

Expensive equipment and ex- 
pert operators are necessary in 
this operation. These mean 
money. But the expense involved 
in the perfecting of Toncan En- 


ameling Sheets is returned many 
times over in the good will of the 
many manufacturers of enamel 
ware who find in Toncan those 
qualities which are ideal for en- 
ameling purposes. 

Tell us what you make in en 
ameled products and every facil 
ity we have will be used to pro 
duce the best Toncan Enameling 
Stock for your purpose that can 
be made. Write, today, for litera- 
ture and samples. 


UNITED ALLOY STEEL CORPORATION, CANTON, O. 


New York 
Syracuse 
Cleveland 


Chicago 
Detroit 


Portland 
Pittsburgh 
Philadelphia 


TONCAN ENAMELING SHEETS 
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Two Ways 
to Line a 


Old Way 


The Alsing 


Since 1869 


Alsing Service 


—INCLUDES— 


A Porcelain Brick Lin- 
ing that fits in your 
Pebble Mill without the 
Mill necessary cutting which 
has been the common 
The practice for years. 


Permit us to explain our 
method by telling us 
the inside measure- 
ments of Mill requiring 
relining. 


and 


Way 


J. R. ALSING ENGINEERING CO., INC. 


50 CHURCH STREET 
NEW YORK CITY J 


Pottery Machinery 
Tile Machinery 
Brick Machinery 
can be advertised profitably in 
the JOURNAL. If you are in- 
terested in reaching hundreds of 
users of your product, your an- 


nouncement should appear in 
these columns, 


Complete details upon request 


American Ceramic Society 
(Advertising Department) 
2525 N. High St., Columbus, O. 


The Vitro Manufacturing Company 
Pittsburgh, Pa. 


Solicits Your Orders for: 


ENAMELS (for steel and cast iron) 
COLORING OXIDES (for enamels, glass and pottery) 
VITRIFIABLE COLORS (for decorators) 
GLASS MAKERS CHEMICALS 
ENAMELLERS CHEMICALS 
QUALITY AND UNIFORMITY GUARANTEED 


Look for Our Trade Mark on Package 
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W. N. BEST Oil Burners 
fire the kilns at the largest 
porcelain wash tray plant in 
the world. 


Write for catalogs and list of 
users in the Ceramic field 


W. N. BEST Corporation 
11 Broadway New York City 


“Over a Century of Service and 
Progress” 


South Dakota 


FELDSPAR 


An extremely high-grade 
Potash Spar ground in 
our own mills under 
constant and _ thorough 
chemical control. 


Capacity up to 300 Tons Daily 


We solicit your inquiries 


INNIS, SPEIDEN & CO., Inc. 


Importers, Manufacturers, Exporters 
46 CLIFF STREET NEW YORK 


Branches: 
BOSTON PHILADELPHIA 
CHICAGO CLEVELAND 
GLOVERSVILLE 


PENNSYLVANIA PULVERIZING CO. 


LEWISTOWN, PA. 


Pure Canadian Potash Feldspar 


Potters Flint 


Placing Sand 


SALES OFFICE 


323 Fourth Avenue 
Pittsburgh, Pa. 
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THE 
CERAMIC 
INDUSTRY’S 


The best Asset of the Ceramic In- 
dustry is quality of product and quality 
of product is largely dependent on 
properly prepared Materials. The 
American Wet Grinding Pan does its 
work thoroughly, quickly and cheaply. 


This is an unusually well built, depend- 
able unit. Long on service. Light on 
power. Ask for Bulletin. 


We build a complete line of machin é 
ery for Ceramic needs. e 


The Hadfield-Penfield Steel Co. 
BUCYRUS, OHIO 


[IF YOU believe in your product, advertise it. Do not make 

the mistake of sitting back waiting for a few sales you have 
made to bring you other business. In this day and age of 
competition you cannot afford to let your product advertise 
itself—you have to help it by the use of well directed pub- 
licity. Use plenty of pictures showing your product in use, 
the cost is a little more but many times more valuable. 

HE Journal advertising forms are now open for the August 

issue. We can accept your advertising up to and including 
the 10th of July. 


AMERICAN CERAMIC SOCIETY 


2525 N. High Street Columbus, Ohio 
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After an exhaustive study of the requirements of the Enamel- 
ing Industry we are producing: 


WABIK METAL 
SPECIAL VITREOUS ENAMELING 
SHEETS 


Unlike ordinary steel sheets, warping and blistering is reduced 
to a minimum, thus increasing the Enameler’s output and 


profit. 


Many of the leading plants now recognize “WABIK METAL” 
as the supreme stock for that beautiful permanent lustre which 
is so essential in Table Tops, Stove Parts, Refrigerator Parts, 
Signs, etc. 


THE MANSFIELD SHEET & TIN PLATE CO. 


MANSFIELD, OHIO 


THREE ELEPHANT BORAX 


99.5% Pure 


We also make Boric Acid, guarahteed 99.5% pure 
Write us for specifications and price 


AMERICAN TRONA CORPORATION 


WOOLWORTH BLDG. NEW YORK CITY 


Quality Uniformity Service 
LUSTERLITE ENAMELS 
MANUFACTURERS 
FURNACES - - SPEED FORKS - - ENAMELS 


Complete Enamel Shop Supplies and Equipment 
STOCK CARRIED 


Chicago Vitreous Enamel Product Company 
1407-47 S. 55th Court, Cicero, Ill., U. S. A. 
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ENGLISH AND DOMESTIC 


QUALITY 


POTTING 
CLAYS 


Paper Makers Importing Co., Inc. 
EASTON, PENNA. 
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This cross-section micrograph of enameled ARMCO Ingot Iron reveals clearly 
its tooth-like surface—the kind of surface that firmly grips 
a porcelain enamel coating. 


Look through the microscope 
and see for yourself 


XAMINE across-section of 

vitreous enameled ARMCO 
Ingot Iron under the micro- 
scope and you will see plainly 
one of the big advantages of 
this pure iron for enameling. 
It has a _ tooth-like surface 
which grips and holds enamel 
—a feature that also assures 
even distribution. 


Cull loss from blisters and 
pinholes is minimized with 
ARMCO Ingot Iron. 
This is duc to a special 
ARMCO process which 
virtually degasifies the 
iron. 


ARMC 


MAEK 


wer Nam, 
(==) 

Rust 


‘NG, oT 


ARMCO Enameling Stock is a 
definite grade, made for a 
definite purpose, and required 
to pass rigid inspection before 
it is permitted to leave the 
mills. This means that every 
sheet will possess the same 
uniform quality—a big factor in 
producing consistently perfect 
enameled pieces, year after 
year. 


THE AMERICAN 
ROLLING MILL CO. 
MIDDLETOWN, OHIO 
EXPORT: 


The ARMCO International Corp. 
Cable Address: Armco, Middletown 


INGOT IRON 


The Purest lron Made 
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are truly revolutionary. 
clay are quickly removed, 
to use any clay at its disposal 
stony. 

Its success is due to 4 distinct factors: 


permitting 


1—It does the 
wet plastic method. 


29—-Its pug mill gives continuqus 
insuring 


of clay at high velocity, 
roll capacity. 
3—Large stones a 
stones and pebbles are crushed to @ 
the smooth rolls. 
An emery wheel grinder (pa 
re-dresses the rolls 
necessary. 
Let Lancaster Engineers help 80 
clay preparing problem. 


A Clay Cleaner 
That Really Cleans , 


and ceramic indus 


k of an 
1 of cleaning 


For 6,000 years the brick 
tries have been handicapped by lac 
effective and economical methoc 


clay. 

The Lancaster AutoClay Cleaner meets this 

be long-standing need. It does its work with For full details on this remarkable AutoClay 
y of time which Cleaner write to Lancaster Engineers 


Z a thoroughness and econon) 


Y 
Ye 


All lumpy impurities in 


no matter how 


job in the onty right way—by the 
restricted feed 


nd pebbles are removed ; smal! 


rt of the machine) 
in short time whenever 


Vi) 


the plant 


maximum 


powder by 


lve your 


Ferro First Again! 


Karly 

\ last . 

catalog of vn = issued the first compl 

we now have enameling 

let of eady the first c 
burning bar equipment 


Nothing i 

1g IS so in 

departme Important as your 

You will save your burning 
e "ROPER BURNI mone 

RACKS. BING 


y by having 


BARS AND 
“Buy from Bob”’ 
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Write for your copy today. It will 
pay you te have this information. 
The Ferro Enamel Supply Co. Ohio 
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99.97% Pure Silica 


The National Silica Co. 


OREGON, ILL. 


Producers and Pulverizers of 


FLINT 


exclusively for 


Pottery Purposes 


140 Silk Lawn Test 


SERVICE TO POTTERS 


We Manufacture— 
PINS 
STILTS 
THIMBLES 
SPURS 
SAGGERS 
CRUCIBLES 
TILE for Decorating kilns 


We Sell— 


BALL CLAY 

SAGGER CLAY 

WAD CLAY 

GROUND FIRE CLAY 
BITSTONE 

FIRE BRICK 


IMPORTED PARIS 
WHITE 


DOMESTIC WHITING 


THE POTTERS SUPPLY COMPANY 


EAST LIVERPOOL, OHIO 
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cAnd for 
Its Heat 


IN EVERY INDUSTRY 


GENERA 


GENERAL ELECTRIC COMPANY, SCHENECTADY, NEW YORK 
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Electric lighting so excelled all 
other forms of illumination // 

that fears of excess cost were 
swept aside in the universal a 
: desire for its great advantages. Z 
Following its came 
made it the most economical x 
form of illumination known. 

ia: 

jungle of shafts and belts, 4 

Such 4 

were the economies effected r* 

that the cost.of the old drives ’ 

and the new motors 

ins mever entered the 

picture. a 


AMERICAN CERAMIC SOCIETY 


to Flectricit 


Enameling 


With the use of electric heat the enameling of metal products 
is changed from an art to an exact science—and the enameled 
products are distinctive in their high quality. No longer is the A complete treatise on 
furnace atmosphere charged with combustion impurities; the a 
ideal temperature is predetermined and rigidly fixed; produc- ey Me = 
tion is increased; the labor required is lessened; the quality of 9 deers 
each product is uniformly high; the workman is not subjected 
to the uncomfortable heat of combustion furnaces; rejects are 
practically unknown. 


So genuine are the savings effected by electric heat that many 
prominent enameling plants are adopting the electric furnace 
wherever new or additional equipment is required. Economy, 
attractiveness, and convenience are rapidly bringing the 
enameling industry to electric heat. 


G-E eauipped Vitreous Enameting Furnace in 
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Operation 

4 OFFICES IN ALL PRINCIPAL CITIES 


JOURNAL OF THE 


MODERN CERAMIC DRYING METHODS 


High Tension Insulators 
Dried the “AURRICANE” Way 


On modern “HURRICANE” Tunnel Truck 
Dryers, High Tension Insulators are being 
dried in 48 hours. One large plant has cut an 
entire week from its operating schedule. If 
you dry Ceramics of any kind, investigate the 
“HURRICANE” method of automatic regula- 
tion of temperature and humidity. 


THE PHILADELPHIA DRYING 
MACHINERY COMPANY 


Stokley St. above Westmoreland, Philadelphia, Pa. 


New England Agency: 

Canadian Agents Hurricane Engineer- 
Ross Whitehead & Co., Ltd. ing Company 

Montreal 53 State St., Boston, 


Mass. 


BETTER QUALITY AND ECOMONY 


S> 


aww 
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“Ideal Dr ying 


Pemco 


1S Selected to equip the 
largest enameling plant 
in the Central States.--- 


| 
The Fuller-Warren Co. of Milwaukee, Wis., 
has decided to erect a porcelain enameling 
plant. This plant when finished will be one 
of the largest in the Central States. 
Z 


The Porcelain Enamel & Mfg. Co. has been 
selected to furnish the equipment throughout. 


That briefly is the story —but the reason why 
we were chosen makes an interesting busi- 
ness story that should be familiar to all who 
are interested in Porcelain Enameling. 


We'll gladly tell it to you, 
Want to hear 


THE PORCELAIN ENAMEL & Mra. Co. 


BALTIMORE PPE MCO MARYLAND 


| | 
| 
‘ 
PEMCO SERVICE ASSURES SUCCESS 


The two fies terra cotta ‘companies in be 
country.’ 


Tho largest vitreous sanitary pottery company fn 


largest solid in 
The two largest floor and wall ti companies in 
the country. 
The largest faience company. in the country, 
The largest enameled ware in 
the country. 
The largest enameled stove company in the ; 
country. 
The largest enameled stove parts company in oe 
country, 
The largest enameled steel specialty company in es 
the country... 
The largest enameled iron specialty commpeny in 
the country. 
One of the two largest enameled sign companies 
in the country. 
Three of the largest enameled cooking ware com- 
panies in the country. 
The class of firms using ow ct ig iprenive 
a of its high quality and uniformity. 


sold at a fair price 
ever widening market 


METAL & THERMIT CORPORATION 


Ceramic Departmen -120 Broadway 
Homer F. Staley, Mer, York 
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